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PROFESSOR  SMITH. 

Harry  Ezra  Smith  was  bom  January-  16,  I860,  in  Pike, 
Wyoming  County,  New  York.  He  was  the  onh'  son  in  a  fam- 
ily of  five  children,  the  ninth  generation  from  Rev.  Henry  Smith, 
who  was  the  first  settled  minister  of  Wethersfield,  Connecticut, 
having  come  from  England  about  1636.  His  mother,  Amanda 
Adams  Smith,  was  a  descendant  of  John  Adams,  who  landed 
at  Ph-mouth,  Massachusetts,  from  "The  good  ship  Fortune" 
in  November,  1621.  Although  the  father,  who  was  a  woolen 
manufacturer,  died  when  the  subject  of  this  sketch  was  only 
fourteen  years  old,  the  mother  managed  to  educate  her  chil- 
dren. After  completing  thecourse  at  Pike  Seminary  in  his  native 
town,  the  j^oung  man  was  appointed  to  a  scholarship  at  Cor- 
nell University  in  1882.  Here  he  maintained  an  excellent  rec- 
ord, taking  the  First  Prize  in  Sibley  College  during  his  Junior 
3'ear  for  "greatest  merit  in  college  w^ork."  He  graduated  from 
the  Mechanical  Engineering  course  in  1887,  receiving  honors  for 
general  excellence,  and  honorable  mention  for  his  graduating 
thesis  on  a  "Trial  of  a  Babcock  and  Wilcox  Boiler." 

While  pursuing  the  technical  course  he  was  also  wise  in  gain- 
ing practical  experience  by  actual  work  in  shops.  An  interval 
in  his  college  course  was  spent  in  the  employ  of  the  Straight 
Line  Engine  Company-,  of  Syracuse,  X.  Y'.  .After  graduation  he 
followed  this  up  by  several  months'  experience  with  the  Brown 
&  Sharpe  Manufacturing  Company  whose  reputation  is  world 
wide  for  accurate  and  precise  workmanshipin  standard  gauges, 
tools,  and  fine  machiner}-.  After  a  thorough  stud^^  of  their  shop 
methods  of  doing  work  and  keepingrecords,  he  resigned  to  take 
a  position  as  assistant  foreman  with  the  Woodbury-  Engine 
Company,  of  Rochester,  X.  Y.     This  position  in  turn  was  given 
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up  in  order  to  become  an  assistant  in  the  erecting  department 
of  Wm.  Sellers  &  Company,  of  Philadelphia. 

In  the  spring  of  1888  Mr.  Smith  had  the  good  fortune  to 
secure  as  a  life  companion  Miss  Minnie  R.  Ballard,  of  Centerville, 
Allegany  County,  N.  Y. 

In  the  fall  of  1888  he  was  tendered  an  instructorshipin  Sib- 
ley- College,  Cornell  University,  which  position  was  held  for  one 
year,  when  he  was  called  to  the  University  of  Minnesota  as  In- 
structor in  Woodworking  and  Foundry  Practice.  From  this 
position  he  has  risen  step  by  step  until,  upon  the  resignation  of 
Professor  W.  A.  Pike  in  1892,  he  was  given  full  charge  of  the 
Department  of  Mechanical  Engineering  with  the  rank  of  Assist- 
ant Professor.  Since  the  advent  of  his  present  associate.  Assist- 
ant Professor  Hibbard,  Mr.  Smith  has  been  able  to  devote  his 
attention  more  largely  to  his  chosen  specialty  of  Experimental 
Engineering. 

Professor  Smith's  reputation  for  accurate  work  in  experi- 
mental engineering  has  created  frequent  demand  for  his  services 
in  conducting  efficiency  and  capacity  tests  of  steam  engines, 
boilers,  and  other  mechanical  products.  These  calls  aiford  un- 
excelled opportunities  for  the  advanced  Mechanical  and  Electri- 
cal Engineering  students  to  take  part  in  the  observations  and 
calculations  of  commercial  tests  and  to  become  familiar  with 
some  of  the  problems  presented  to  engineers  in  active  profes- 
sional practice.  Such  extra-mural  laboratorA^  work  is  highly 
prized  by  the  students  as  supplementing  the  working  equip- 
ment of  the  University  and  enlarging  the  practical  development 
of  the  Engineering  courses.  During  the  past  year,  the  students 
have  assisted  Professor  Smith  in  efficiency  and  capacity-  tests 
of  three  one  hundred  and  twenty-five  horse-power  compound 
high-speed  Ames  engines,  directly  connected  with  electrical  gen- 
erators, a  twelve  hundred  horse-power  vertical  triple  expansion 
compound  Schichauengine,  andasixty  horse-power  Ball  engine, 
besides  a  number  of  minor  tests. 

Professor  Smith  keeps  in  close  touch  with  educational  and 
professional  colleagues.  He  is  a  junior  member  of  the  American 
Society  of  Mechanical  Engineers,  and  a  member  of  the  Society 
for  the  Promotion  of  Engineering  Education.  He  was  a  charter 
member  of  the  first  chapter  of  the  Society  of  Sigma  Xi,  founded 
at  Cornell  University  in  1886,  and  is  also  a  charter  member  of 
the  chapter  just  established  at  the  University  of  Minnesota. 

Geo.  D.  Shepardson. 
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MODERN  FOUNDRY  PRACTICE  IN  CONNECTION  WITH 
MANUFACTURE. 

JOHN   MORRIS,  '88. 

Thouo^h  the  working  of  metals  was  practiced  bA-  the  an- 
irients  earh'  in  the  historN'  of  civilization,  the  practice  of  found- 
ing was  not  verv'  extensively  carried  on  until  within  the  last 
three  centuries.  We  find  a  mention  of  working  iron  recorded 
tn  the  Scriptures  at  an  earh^  period  (Gen.  4:22).  Whatever 
may  have  been  unrecorded  in  the  histor\-  of  iron  manufacture 
in  the  early  ages,  enough  has  been  written  to  establish  the  im- 
portance of  the  iron  industry-  throughout  the  civilized  world 
since  its  early  discovery. 

The  method  of  working  iron,  as  well  as  the  difference  in 
product,  varied  in  the  earh'  history-  from  what  we  find  in  medi- 
aeval ages ;  and  all  this  differed  greatly  fro  ii  ^^hat  we  find  to  be 
the  history  of  this  important  industry  during  the  last  few  cen- 
turies. It  is  not  our  object,  in  this  short  article,  to  even  attempt 
-to  give  the  early  history  of  this  widely  diffused  metal,  only  as 
much  as  is  necessary  to  get  at  the  growth  of  this  industry 
during  past  ages,  and  thus  assist  in  showing  the  rapid 
development  during  our  own  present  century.  It  seems 
from  good  authority  that  the  reduction  of  the  iron  ores  has 
been  practiced  since  quite  a  remote  period  in  various  countries, 
and  that,  too,  with  considerable  success  in  producing  iron  and 
steel,  at  different  periods  in  their  history.  A  few  uncertain  men- 
tions are  made  of  cast-iron  having  been  produced  several  cen- 
turies preceding  the  Christian  era ;  also,  a  few  scattering  refer- 
ences are  made  to  casts  of  various  kinds  produced  during  the 
early  centuries  of  our  present  dispensation. 

This  is  certain,  though  records  are  practicalh'  silent,  that 
A'er\'  little  was  done  except  the  production,  of  iron  and  steel 
from  open  hearths,  until  the  eighteenth  century,  when  the  prac- 
tice of  founding  became  generalh'  known.  Much  credit  is  due 
to  the  early  promoters  of  the  iron  industry-,  but  doubtless  a 
greater  advancement  has  been  made  in  the  manufacture,  both 
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in  kind  and  quality,  of  this  most  useful  metal,  during  the  last 
quarter  of  a  century,  than  in  all  preceding  time.  While  there 
has  been  a  very  great  development  in  this  line,  possibly  the 
greater  advancement  which  has  made  this  first  possible,  is  due 
to  the  general  improvement  in  the  method  of  making  castings 
and  the  introduction  of  moulding  machines.  Up  to  the  last 
twenty-five  3'ears,  nearly  all  the  moulding  was  done  by  hand 
after  the  original  method;  and,  indeed,  much  of  the  work  is 
being  done  after  this  method  in  our  modern  foundries,  and  in 
many  the  work  is  still  carried  on  exclusively  after  this  method. 
The  fact  that  it  was  the  only  method  originally  pursued,  and 
that  it  is  still  extensively  practiced  in  nearly  all  foundries, 
speaks  well  of  this  method  in  more  than  one  way.  While  it  has 
the  advantage  of  being  inexpensive  when  only  a  small  number 
of  castings  are  required,  it  always  has  the  disadvantage  of  pro- 
ducing imperfect  work.  When  a  pattern  of  a  desired  casting. is 
put  in  a  flask,  and  the  sand  is  properly  "rammed"  around  it,, 
the  most  important  part  of  the  task  remains  yet  to  be  accom- 
plished. The  removiiig  of  a  simple  pattern  from  the  sand 
mould  is  not  attended  with  any  great  degree  of  difficulty,  but 
with  a  complex  piece  the  reverse  isthecase.  The  first  operation 
is  to  "sponge"  the  pattern.  This  is  done  by  following  the  out- 
line of  the  pattern  with  a  very  small  stream  of  water  from  a 
sponge,  .\fter  this  is  done  the  pattern  is  rapped  by  either  tap- 
ping the  pattern  itself,  or  placing  an  iron  piece  in  a  hole  or 
socket  in  the  pattern,  which  serves  also  as  a  lifter,  and  rapping 
this  sufiiciently  to  loosen  the  pattern  in  the  sand.  It  will  read- 
ily be  seen  that  the  rapping  of  the  pattern  produces  most  of  the 
imperfection.  For  example,  take  an  ordinary  bevel  pinion, 
which  is  moulded  on  end.  This  is  rapped  sidewa^^s,  right  and 
left,  and  possibh^  a  little  in  a  direction  at  right  angles.  It  will 
be  observed  that  the  teeth,  on  the  right  and  left  sides,  will  be 
long  bv  reason  of  the  rapping  sideways,  while  the  teeth  on  the 
sides  at  right  angles  will  appear  thicker  and  not  as  long,  a  con- 
dition which  renders  a  pinion  entirely  unfit  for  use.  This  is  not 
always  the  cage,  as  many  patterns  are  but  little  affected  by 
such  a  variation  as  this ;  and  this  variation  depends  largely  on 
the  care  and  skill  .of  the  moulder;  but  in  general  it  will  apply  to 
all  small  patterns.  The  "carding"  of  patterns  on  small  work 
eliminates  this  difficulty  to  a  certain  extent,  while  it  also  has 
another  merit,  of  producing  from  six  to  a  dozen  pieces  as  cheaply 
as  if  only  one  pattern  was  used.      The  patterns  are  gated  to- 
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gether,  two,  four,  six,  or  a  dozen,  depending  on  the  size  of  the 
pattern,  with  runners  in  between.  A  "sand  match"  is  often 
used  with  a  card,  and  this  greath'  facilitates  the  work.  The 
card  is  taken  and  a  "sand  match"  is  made  to  fit  the  pattern  up 

to  the  parting  line.  This 
enables  the  moulder  to  work 
rapidh-  and  produce  com- 
parativeh-  perfect  castings. 
With  large  castings,  the  dif- 
ficulty- attendant  upon  small 
patterns  is  to  a  great  ex- 
tent removed  and  is  supple- 
mented b^'  still  other  difii- 
culties.  The  continual  prac- 
tice and  experience  in  hand- 
ling large  castings  has  been 
a  means  of  bringing  about 
methods  that  now  enable 
workmen  to  produce  a  great 
many  difficult  castings  with 
comparative  certainty. 

The  advantages  of  the 
moulding  machines  over  the 
hand  method  are  twofold ; 
principally  in  producing  bet- 
ter moulds  and,  consequent- 
h',  better  castings;  and.sub- 
ordinately,  in  reducing  the 
cost  of  the  work.  The  con- 
struction of  moulding  ma- 
chines varies  with  the  class 
of  work  and  the  kind  of  cast- 
ings. Different  manufactur- 
ers also  make  such  machines 
as  are  best  adapted  to  their 
individual  need,  but  the  gen- 
eral principle  of  the  mould- 
ing machines  is  much  the  same.  BrieflA'  described,  it  is  as  fol- 
lows: A  moulding  machine  consists  of  an  iron  stand  of  suit- 
able dimensions  to  accommodate  the  pattern  or  patterns,  and 
of  such  height  as  is  found  convenient  for  an  ordinary  workman 
to  manipulate  and  handle  the  flask. 
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Figure  1  shows  the  plan  of  an  ordinary  moulding  machine^ 
and  Figure  2  is  an  elevation  in  section  on  line  A — B.  The  pat- 
terns are  raised  into  position,  as  shown  in  Figure 2,  and  held  in 
place  by  means  of  the  lever  L,  and  the  vertical  standard  S.  The 
moulding  sand  is  put  into  the  flask  F,  and  properly  "rammed" 
in  the  usual  way,  and  now  the  patterns  are  mechanically  re- 
moved, by  means  of  lever  L,  and  are  dropped  down  to  the  posi- 
tion showed  in  dotted  lines  ;  then  the  flask  is  taken  up  off"  of  the 
dowel  pins,  inverted  and  examined,  to  see  that  all  parts  are 
perfect,  and  then  is  placed  in  position  on  the  moulding  floor.  Fig- 
ure 3  is  a  plan,  and  Figure  4  the  elevation  of  the  stand  for  the 
counterpart;  and  in  this  is  only  a  "match  plate".  As  is  seen 
from  construction,  it  is  not  necessary  to  have  the  patterns 
movable  in  Figures  3  and  4,  though  oft- 
en the  patterns  are  such  that  both  parts 
must  be  made  movable.  The  moulding 
sand  is  put  into  the  flask  and  "rammed" 
as  before,  and  now  the  flask  F'  is  taken 
up, examined,  and  then  put  into  position 
on  flask  F.  Generally  the  moulder  runs 
ten  or  twenty -five  flasks  of  the  "drag", 
putting  same  in  position  on  the  floor, 
and  now  changes  over  and  uses  the  ma- 
chine for  the  "cope"  shown  in  Figures  3 
and  4,  and  making  the  mould  for  the 
counterpart  and  putting  these  into  posi- 
tion on  the  drag  flasks,  and  so  on  for  the 
day's  work.  It  is  now  obvious  that  the  removing  of  the  pat- 
terns from  the  sand,  mechanically,  does  not  require  any  rap- 
ping, and,  consequently,  leaves  the  mould  as  perfect  as  the  pat- 
tern. Often  patterns  have  only  one  or  two  projecting  parts, 
while  the  rest  of  the  surface  is  comparatively  uniform,  or  at 
leasthasplentyof  "draw",  and  the  flask  can  be  readily  removed 
from  the  surface.  In  such  a  case  the  projecting  parts  only  are 
made  movable  and  the  pattern  is  made  on  the  top  plate  of  the 
stand  as  a  "match  plate",  and  the  projecting  parts  are  made  to 
fit  closely  when  in  place;  and  when  the  sand  is  properly 
"rammed"  they  are  mechanically  removed,  and  dropped  down 
entirely  out  of  the  mould  by  means  of  a  lever,  practically  as 
shown  in  Figure  2. 

The  carding  of  patterns  on  moulding  machines  may  be  and 
is  practiced  whenever  the  size  of  a  pattern  will  admit.      This, 


J^if-    y- 


Modem  Foundry  Practice.  7 

of  course,  refers  only  to  small  patterns  though  castings  of  con- 
siderable size  are  successfully  made  on  machines  with  the  use  of 
mechanical  or  pneumatic  hoists.  When  large  patterns  and 
heavy  flasks  are  used,  the  air  hoists  produce  a  very  satisfactory 
result,  and  are  being  introduced  wherever  the  amount  and  qual- 
it3^  of  work  requires  such  an  appliance. 

Having  now  produced  the  moulds,  either  by  hand  or  with 
a  moulding  machine,  we  are  ready  for  the  second  import- 
ant operation  that  the  moulder  has  to  perform,  and  that  is 
pouring  off  the  metal. 

However,  before  proceeding  with  this  part  of  the  work,  a 
brief  outline  of  the  work  in  the  foundry  will  be  here  given,  with 
a  few  formulce  of  mixtures  that  are  successfully  used  in  practice. 

The  charging  of  the  cupola  requires  close  attention,  and  this 
varies  with  the  class  of  work ;  and  the  success  of  this  work 
depends  largely  on  the  good  judgment  of  the  foundrv'man  in 
charge.  The  following  will  illustrate  a  method  of  charging  in 
a  32-inch  cupola : 

On  the  bed  500  pounds  of  coke,  and  on  this  2,000  pounds 
of  iron ;  next.  100  pounds  of  coke,  and  on  this  1,500  pounds  of 
iron;  continuing  these  amounts  for  the  remainder  of  the  charges. 
A  cupola,  charged  like  or  similar  to  the  above,  will  melt 
four  to  five  tons  per  hour,  and,  if  everything  goes  well,  eight  or 
ten  tons  may  be  melted  in  one  heat,  and  even  more  has  been 
accomplished  under  favorable  circumstances. 

In  a  cupola  melting  sixty-five  tons  daih-,  the  following 
charges  were  used:  Nine  hundred  or  1,000  pounds  of  coke  on  the 
bed,  3,000  pounds  of  iron  ;  then  200  pounds  of  coke  and  2,500 
pounds  of  iron,  and  so  on  for  ten  charges,  and  the  remainder  of 
the  charges,  200  pounds  each  of  coke,with  2,000  pounds  of  iron. 

A  quantity-  of  crushed  limestone  is  thrown  in  with  the 
charges  during  the  process  of  melting  for  "flux". 

For  light  miscellaneous  castings,  such  as  are  used  for  agri- 
cultural machinery,  the  following  formula  will  produce  good 
results  :  Fort\'  per  cent.  No.  1  soft  pig;  30  per  cent.  No.  1  Bes- 
semer; 30  per  cent,  good  machine  scrap,  or,  in  lieu.  No.  2  Bes- 
semer. 

There  should  be  at  least  three  kinds  of  iron,  of  different 
grades,  in  order  to  secure  good  results.  For  a  heavier  class  of 
castings,  the  following  is  a  good  mixture  :  Forty  per  cent.  No. 
2  soft  pig;  20  per  cent.  No.  1  Bessemer ;  20  per  cent.  No.  2  Bes- 
semer; 20  per  cent,  good  scrap. 
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The  quality  of  the  soft  irons  has  more  to  do  with  getting 
good  results  and  suitable  castings  than  that  of  the  hard  irons. 
A  good  casting  should  possess  these  conditions :  Sound  cast- 
ing, free  from  blowholes  and  flaws;  strength  to  resist  strain; 
and  soft  enough  to  work  well  with  a  tool.  Following  will  be 
given  the  mixtures  A,  B,  C,  recenth'  used  ;  and  the  result  in  each 
with  three  test  bars  taken  from  the  beginning,  middle,  and  end 
of  heat.  It  will  be  noticed  that  the  three  mixtures  are  alike, 
only  differing  in  proportion.  It  will  also  be  noticed  that  the  A 
mixture  produced  test  bars  that  were  low  in  transverse  strength, 
and  the  same  showed  weak  castings  in  the  construction,  while 
B  and  C  showed  well  and  produced  good  results. 

A. 


33^3  per  cent.  Bessemer 
26%         "         scrap 
231/3         "        No.  2  Foundrv 
16%         "        soft 

B. 

20  per  cent.  Bessemer 
33         "         scrap 

27  "         No.  2  Foundrv 
20         "        soft 

C. 

26  per  cent.  Bessemer 

28  "         scrap 

26         "         No.  2  Foundrv 
20         "         soft 


2200. 
2380. 
2220. 


2100. 

2580. 
2820. 


2618. 
2690. 
2700. 


Average  strength, 
2800  fts. 


The  following  mixture  was  made  for  especially  high-grade 
casting  and  proved  to  be  very  good, giving  a  strong  and  sound 
casting,  soft  enough  to  work  well.  This  would  be  very  suit- 
able for  large  engine  cylinders  and  such  classes  of  work: 

25  per  cent.  Imported  Scotch  Summerlee 
50         "         Hanging  Rock,  charcoal  (Ohio) 
15         "         Lake  Superior 
10         "        good  scrap 

Other  mixtures  now  loeing  used  for  light  castings  produce 
very  satisfactory  results  in  every  way.  of  which  is  the  following: 

40  per  cent.  No.  2  soft  ) 

15         "         No.  1  Bay  View  I 

10         "         No.  2  Bav  View  J  Average  strength,  2475  tbs. 
33         "         scrap 
2         "        Ferro  Silicon 
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The  chemical  analysis  of  Xo.  1  Bay  View  is  as  follows : 

Silicon,        .        .        2  to  2.50 

Phosphorus,         .        .        .20 

Manganese,      .        .        .     .32 

Sulphur 023 

Carbon.      .        .         3  to  3.25 

Iron,        .        .        .  93.80 

Having  now  mixed  and  melted  the  iron,  it  is  ready  for  the 
last  operation  of  pouring  the  metal  into  the  moulds  previously 
prepared.  This  is  attended  with  some  difficulty,  and  must  be 
done  with  care  to  avoid  washing  away  the  wall  of  the  mould, 
and  the  blowing  and  swelling  of  the  casting.  With  large  cast- 
ing the  transporting  of  metal  and  pouring  off  is  done  mechani- 
calh-,  by  means  of  foundry  cranes,  and  often  large  ladles  weigh- 
ing man^'  tons  are  used  and  handled  with  success  and  safety. 

The  castings  are  allowed  to  remain  in  the  sand  until  suf- 
ficiently cooled,  and  are  then  taken  out,  ready  to  be  sent  to 
the  tumbling  mills  for  cleaning,  and  the  sand  is  sprinkled  and 
shoveled  over,  readv  for  the  next  dav's  work. 
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FIRE-PROOF  FLOORS  IN  MODERN  BUILDINGS. 

F.  L.  DOUGIvAS,  B.  C.  E.,  '91. 

The  remarkable  and  continualh^  increasing  use  of  the  "steel 
skeleton"  type  of  building  construction  since  1887  or  1888,  at 
which  time  the  advantages  of  iron  and  steel  in  building  con- 
struction became  generally  recognized,  has  necessarily  created 
a  demand  for  a  suitable  material  for  the  floors,  ceilings  and 
partitions  of  buildings,  to  serve  the  twofold  purpose  of  pro- 
tecting the  expensive  iron  work  from  fire,  and  of  safely  sustain- 
ing the  loads  likely  to  be  imposed. 

In  order  to  protect  the  iron  work  against  fire  this  material 
must  itself  be  thoroughly  fire  resisting.  It  must  also  cover  the 
iron  work  to  such  a  depth  that  in  case  of  fire  the  iron  will  not 
be  heated  to  a  dangerous  temperature.  The  common  end  in 
view  in  the  discussion  of  fire-proof  floors  is  to  ascertain  what 
system  most  nearly  fulfills  the  conditions  of  efiiciency,  minimum 
cost  of  manufacture  and  erection,  and  maximum  speed  in 
erection. 

Fire-proof  floors  may  be  divided  into  two  general  classes: 

First,  floors  composed  of  separate  pieces,  generally  brick  or 
terra  cotta,  joined  together  along  nearly  vertical  joints  by 
cement  or  mortar. 

Second,  floors  of  a  monolithic  construction,  made  generally 
of  concrete,  in  which  iron  may  or  may  not  be  imbedded,  to  act 
in  conjunction  with  the  concrete  in  performing  its  work. 

In  the  first  general  class  the  use  of  brick  arches  may  be 
dealt  with  in  a  fe\v  words,  since  it  is  becoming  more  and  more 
obsolete.  The  objections  to  brick  arches  are  their  great 
weight,  limited  strength,  and  difliculty  of  protecting  the  bot- 
tom flange  of  the  supporting  beam  against  fire. 

The  weight  of  a  brick  arch,  together  with  the  concrete  fill- 
ing on  top,  is  about  70  lbs.,  or  varying  from  20  lbs.  to  35  lbs. 
greater  than  the  hollow  tile,  and  40  lbs.  greater  than  some  of 
the  lightest  types  of  floor  construction.  This  excess  of  weight 
requires  heavier  beams,  girders  and  columns  at  a  correspond- 
ingly greater  cost.     'Tests  have  shown  that  when  brick  arches. 
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are  loaded  eccentricallv,  as  all  floors  are  liable  to  be,  the^-  are 
surprisingh-  weak.  The  bottom  flange  of  the  beam  or  girder, 
supporting  brick  arches,  is  left  exposed,  since  the  lower 
part  of  the  web  and  the  top  of  the  bottom  flange  form  the 
skewback  for  the  arches.  Brick  arches  are  poorly  adapted  ta 
take  ceilings.  Brick  arches  when  made  of  a  good  quality  of  red 
pressed  brick  have  a  very  neat  appearance  from  below  and 
when  this  consideration  is  a  prominent  one  they  may  be  ad- 
vantageously used. 

HOLLOW   TILE   ARCHES. 

Hollow  tile  seems  to  have  been  first  used  for  floors  in  Eu- 
rope. Mr.  F.  Von  Empberger  speaks  of  the  Liverpool  flags 
used  in  1853  consisting  of  a  single  tube  running  from  beam 

to  beam,  the  spans 
being  very  short. 
Although  taken 
up  in  the  United 
^tates  at  a  later 
date,  we  find  this 

.^^iioty  rue  n/ir  a/?<:h  s  \'  s  t  e  m    oi    nre- 

■swe  fa»rjr/rvn-/t>M  proof  flooring  de- 

veloped to  a  much  higher  state  o\  perfection  and  far  more  ex- 
tensiveh'  used  than  elsewhere.  In  Europe  the  single  tube  is  still 
used  and  a  liberal  thickness  of  concrete  is  placed  on  top.  This 
furnishes  most  of  the  strength  to  the  combination,  reducing  the 
function  of  the  tile  practicalh*  to  that  of  ceiling  tile. 

Not  until  the  era  of  "skeleton  construction"  began,  how- 
ever, w^as  hollow  tile  or  any  other  form  of  fire-proofing  ex- 
tensively used.  The  number  of  different  forms  of  hollow  tile 
which  have  been  used  or  proposed  in  the  meantime  is  very 
large,  but  they  may  all  be  comprised  at  present  under  the  fol- 
lowing heads,  viz.:  Side  construction  (Fig.  1.)  End  construc- 
tion (Fig.  2).  The  distinction  between  the  two  being  that  in 
the  former  the  voids  run  parallel  with  the  beams,  and  in  the 
latter  the  voids  are  perpendicular  to  them.  In  both  of  these 
types  all  the  ribs  are  straight.  Man^^  designs  have  appeared 
on  the  market  in  which  the  ribs  were  more  or  less  curved  in 
the  endeavor  to  conform  to  the  curve  of  equilibrium  of  a 
loaded  arch.  These  forms  may  or  may  not  have  a  flat  ceiling. 
In  the  former  case  the  inclined  ribs  are  carried  down  below  the 
arch  ribs  to  the  plane  of  the  intended  ceiling,  supporting  the 
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horizontal  part  of  the  block  and  thus  forming  a  level  ceiling. 
In  the  latter  case  the  arrangement  of  the  blocks  is  very  similar 
to  the  ordinary  brick  or  stone  arch  having  a  curved  soffit. 
The  floors  having  curved  ribs  meet  more  fully  the  engineering 
aim  to  distribute  the  material  in  the  curve  of  equilibrium  so  as 
to  produce  the  maximum  efficiency.  The  great  objection  to 
curved  ribs  is  that  the  blocks  made  for  one  span  of  arch  are 
not  adapted   to   other  spans,  ^'/  ^ 

and  since,  in  buildings  of  an\-  .^^^^^^^^^'c^^^'j^^^^^ 

considerable  size,  a  great  num-  ^^^^^^-^^^gll^^^ig^ji^^^] 

ber  of  different  spans  exist,  an    ^^^P^\^ ^ % ^  y  ^  .W^IlfiHc^ 
enormous  number  of  different      %- '.-- -  L-,  =  I- -  -  -X-^^^^^^""^ 
shapes  are  required,  increasing    4S1---- X"l "_ t"_" "_  V.  TP^ 
the  cost  of  m  anufacture  and  the  f^ouotv  n^f  ^i^r  /i/fc^ 

difficulty  and  time  required  in 

getting  the  right  block  to  the  right  place.  A  compromise  be- 
tween the  various  elements  of  the  problem  is  effected  b\^  the  use 
of  the  two  types  illustrated  and  referred  to  above.  In  these, 
comparativel3'  few  shapes  are  required;  a  small  variation  in 
span  being  provicled  for  by  using  a  key  of  different  thickness 
and  greater  variations  by  using  a  greater  or  less  number  of 
Voussoir  blocks.  These  types  furnish  a  flat  surface  both  above 
and  below,  a  very  desirable  feature. 

In  all  hollow  tile  arches  a  layer  of  concrete  is  placed  on  top 
in  which  are  imbedded  nailing  strips  for  the  floor  boards. 

A  large  number  of  tests  have  been  made  on  hollow  tile 
arches,  giving  a  very  wide  range  of  results. 

A  series  of  six  tests  of  the  strength  of  hollow  tile  arches  of 
the  side  construction  type,  made  at  Trenton,  N.  J.,  in  1894, 
gave  a  breaking  load  of  from  298  lbs.  to  839  lbs.  per  square 
foot  uniformly  distributed.  Tests  were  made  on  hollow  tile 
segmental  arches,  span  15  ft.  4  in.  One  test  made  with  load  ex- 
tending up  to  the  middle  of  the  arch,  from  one  beam,  gave  a 
breaking  load  of  1,000  lbs.  per  sq.  ft.  over  the  loaded  area,  or 
500  lbs.  per  sq.  ft.  over  the  entire  area  of  the  arch.  The  con- 
crete filling  in  the  haunches  was  green,  otherwise  the  test 
would  probably  have  been  more  satisfactory. 

Another  test  of  a  similar  arch,  uniformly  loaded,  carried 
1,200  lbs.  per  sq.  ft.  on  the  loaded  area  with  onh'  a  slight  per- 
manent set,  though  it  is  certain  that  a  portion  of  this  load 
was  carried  by  adjacent  unloaded  portions  of  the  arch;  hence 
the  above  figures  should  l)e  considerably  reduced  for  comjiarison. 
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A  series  of  twenty-seven  tests  recently  made  by  Geo.  Hill, 
Mem.  Am.  Soc.  of  C.  E.,  on  hollow  tile  arches,  led  him  to  con- 
clude, so  far  as  this  limited  number  of  tests  would  indicate, 
that  "side  construction"  arches  were  very  weak  in  the  skew- 
back  and  that  "end  construction"  arches,  when  properly  im- 
bedded in  good  concrete  against  the  beams,  were  ver\-  much 
stronger.  Mr.  Hill  claims  that  a  properly  designed  skewback 
has  carried  5,000  pounds  per  lineal  foot  without  failure. 

As  a  protection  for  the  iron  work  against  fire,  hollow  tile 
has  proved  itself  to  be  very  efficient.  A  fire  occurred  April  2nd, 
1893,  in  the  Temple  Court  building.  New  York  Cit\'.  The  wood 
floors,  window  and  door  framing  and  contents  of  offices  fur- 
nished the  combustible  material  and  the  fire  raged  fiercely  for 
hours  unchecked.  When  it  was  finalh'  put  out,  an  examination 
showed  the  hollow  tile  itself  not  only  to  be  intact,  but  the  iron 
was  in  no  way  injured. 

This  type  of  floor  can  be  rapidly  erected  and  for  this  pur- 
pose 2  inch  planks  are  supported  on  timbers  hung  from  the 
beams.  The  top  of  the  planking  comes  about  1  inch  below  the 
bottom  of  the  I-beams  and  the  arch  blocks  are  laid  upon  the 
plank,  beginning  of  course  with  the  skewback  and  working  to- 
wards theceater  from  bath  directions.  No  great  degree  of  skill 
is  required  nor  is  a  high  grade  of  mortar  necessary.  The  work 
of  erection,  to  secure  good  results,  should  be  carefulh  superin- 
tended. This,  like  any  other  work,  will  suffer  for  want  of 
proper  execution. 

Because  of  the  short  time  required  for  the  mortar  to  harden, 
the  floor  can  be  used  soon  after  erection.  The  weight  of  hollow- 
tile  arches,  together  with  the  concrete  filling,  varies  according 
to  the  depth  of  arch  and  concrete,  from  35  lbs.  to  50  or  55  lbs. 
per  square  ft. 

Hollow  tile  floors  are  poorly  adapted  to  cutting  away  for 
the  passage  of  pipes,  etc.,  and  where  the  floor  beams  and  girders 
come  together  on  a  skew,  the  blocks  require  trimming  to  a 
Level,  affording  opportunity  for  poor  workmanship  and  uncer- 
tain results. 

The  majority  of  tests  upon  hollow  tile  arches  show  them  to 
fail  suddenly,  without  preliminary-  deflection.  Cracks  occasion- 
ally appear  and  give  wamingof  weakness,  before  failure  occurs. 

Where  the  hollow  tile  flooring  is  used,  the  floor  beams  are 
"caped"  into  the  girders  supporting  them  so  as  to  make  all 
beams  flush  on  the  bottom.     This  involves  an  additional  cost 
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to  the  beams  of  about  $4.00  per  ton  over  the  cost  of  beams 
simph'  framed  together. 

It  is  likely  that  more  attention  will  be  shown  in  the  future, 
than  in  the  past,  to  the  proper  design  and  manufacture  of  hol- 
low tile  arches,  resulting  in  greater  strength  and  more  definite 
knowledge  of  their  properties. 

The  recent  appearance  in  the  field  of  competition  of  various 
types  of  floor  which  show  much  greater  strength,  more  uni- 
formity of  results,  and  having  in  some  cases  less  weight,  will 
be  a  strong  factor  in  bringing  this  about,  and  force  the  manu- 
facturers of  hollow  tile,  who  have  hitherto  had  little  competi- 
tion, to  improve  the  strength  and  uniformity  of  their  products. 

CONCRETE  IRON  FLOORS  IN  GENERAL. 

A  book  was  published  in  London  in  1877  by  Thaddeus 
Hyatt,  describing  a  building  in  which  the  combination  of  iron 
and  concrete  was  used ;  also  giving  results  of  fift\'  tests.  Mr. 
Hyatt  refers  to  a  still  earlier  publication,  describing  the  use 
of  the  combination  in  France.  Tests  were  made  in  America, 
as  early  as  1855,  by  R.  G.  Hatfield,  of  combination  beams.  In 
1875  a  dwelling  was  constructed  in  Port  Chester,  N.  Y.,  in 
which  Beton  was  used  in  combination  with  iron. 

Whether  or  not  the  combination  of  iron  and  concrete  for 
floors  was  first  used  in  the  United  States  is  of  less  importance 
than  the  fact  that  in  Europe  it  has  attained  an  extensive  com- 
mercial development  not  approached  in  this  countr3'.  Its  use 
in  Europe  developed  in  somewhat  the  same  way,  and  under 
similar  circumstances  as  hollow  tile  in  this  country. 

The  great  advantage  in  the  use  of  iron  in  combination  with 
concrete  is  in  securing  a  higher  strength  on  the  tensile  side  of 
combined  concrete-iron  beams  than  can  be  obtained  with  con- 
crete alone. 

Evidence  is  quite  conclusive  that  concrete  is  remarkabh- 
■well  adapted  to  preserve  iron,  when  the  latter  is  imbedded 
completely  in  the  former.  A  piece  of  iron  was  found  to  be  in  a 
perfect  state  of  preservation,  after  being  imbedded  in  concrete 
over  400  \^ears.  The  modulus  of  elasticity  of  concrete,  accord- 
ing to  Prof.  Boeck,  is  one-fortieth  that  of  steel,  enabling  the 
steel  to  take  a  forty  times  greater  load  under  the  same  strain 
or  deformation.  The  cohesion  between  iron  and  concrete  ex- 
ceeds the  strength  of  concrete  itself  The  thermic  expansion 
of  both  is  the  same;  therefore  no  secondary  stresses  occur  when 
the  temperature  changes. 
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The  time  required  for  the  setting  of  some  t\-pes  of  concrete- 
iron  arches  before  the_v  are  capable  of  sustaining  a  heavy  load, 
is  an  undesirable  quality,  since  a  much  larger  quantity  of  cen- 
tering is  required,  and  often  times  arches  are  called  upon  to 
carry  their  heaviest  loads  very  soon  after  completion,  for  the 
storage  of  materials. 

Any  floor  system  consisting  of  concrete  and  iron  in  combi- 
nation, will  show  the  effect  of  excessive  loading  or  faulty  con- 
struction generally  by  the  appearance  of  cracks,  or  undue  de- 
flection, in  time  to  remove  the  loading  and  prevent  collapse  of 
the  floor,  while  with  hollow  tile  construction  failure  is  general- 
ly the  first  evidence  of  weakness.  Concrete  is  not  generally  re- 
garded as  possessing  as  good  fire-resisting  qualities  as  hollow 
tile,  yet  man\'  maintain  that  it  will  not  disintegrate  under  a 
severe  fire  and  water  test.  At  a  recent  meeting  of  the  American 
Society  of  Civil  Engineers,  the  discussion  w^hich  followed  the 
reading  of  a  paper  on  fire-proof  floors  showed  a  general  belief 
that  concrete  was  not  as  good  as  hollow  tile  in  resisting  fire 
and  water. 

Metropolitan  System 

The  metropolitan  system  of  fire-proof  floors  as  such,  has 

been  on  the  market  about  two  years.      It  consists,  briefly,  of 

y^y^.j.  iron  cables  run- 

'<  ^"  ""'^^  >  ning continuously 

over  the  tops  of 
the  floor  beams 
and  imbedded  in  a 

/^er^^i^r^A^  frjr^^  "^oo^  P^^te"  usu- 

My/T>f<wT  r^/z/**  ally  f  o  u  r   inches 

thick,  made  principalh'  of  plaster  of  paris  and  sawdust,  the  top 
of  the  plate  being  one  inch  above  the  top  of  the  floor  beams. 
When  a  flat  ceiling  is  not  required  ( Fig.  3 ) ,  the  wire  cables  consist- 
ing of  two  Xo.  12  gauge  twisted  galvanized  iron  wires  are  run 
continuously  over  the  tops  of  the  floor  beams  and  secured  by 
hooks  to  the  last  beams.  The  cables  sag  between  the  beams 
and  a  uniform  deflection  is  given  by  la\'ing  a  %  in.  iron  rod  on 
the  wires,  midway  between  the  beams.  A  level  "center"  is 
next  placed  so  that  the  top  is  3  in.  below  the  tops  of  ttie  beams 
and  the  composition,  as  above  described,  is  applied  after  being 
mixed  together  in  the  proportion  of  five  to  one  b\-  weight,  with 
enough  water  to  become  plastic.  The  center  extends  down 
around  the  bottom  part  of  the  beam  so  that  after  the  com- 
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position  is  in  place  the  beams  and  wires  are  entireW  imbedded. 
In  cases  where  a  flat  ceiling  is  required  (Fig.  4),  2xV8  in. 
iron  flats  placed  on  edge  and  running  at  right  angles  with  the 
beams  are  suspended  by  hooks  from  the  latter  so  as  to  come 
immediately  under  the  bottom  flanges,  wire  netting  is  secured 
to  these  bars  and  the  composition  is  applied  as  above  described, 
but  is  only  about  1%  in.  thick.  The  main  floor  plate  which 
is  about  4  in.  thick  and  the  covering  for  the  beams  are  thenap- 
^^  ^  plied.    All  iron  is 

* -         '  covered    by    at 

least  one  inch  of 


■^    ^tOO^  ^lATC 


<r  ■"•'^'^"^r'^^>"^     '^  ^^  mL    ^    the  composition. 

t-^';p:t:^^:^if,rTY^^  ''■^'•^'^.  n     I  i  g  Thchollow  spacc 

,ir,e.,„,».r,  ^^^^^  formed  be- 

Aff-r/fo/vz/ryf/v  jrjrs/if   iv/rv  <r/'/i/~«..  tween    the   "ceil- 

ing plate"  and  the  "floor  plate"  is  convenient  for  laying  pipes 
and  wires,  as  well  as  for  the  non-conduction  of  heat  and  sound. 

It  is  claimed  bj^  the  manufacturers  that  the  composition 
will  harden  so  as  to  be  at  once  capable  of  sustaining,  with 
safety,  the  load  for  which  it  was  calculated.  Plastering  is  ap- 
plied directly  to  the  composition  and  boards  for  the  floor  are 
nailed  to  strips  imbedded  in  it. 

Quite  extensive  tests  have  been  made  on  this  system,  which 
show  very  satisfactory  results.  About  six  tests  carried  to 
partial  or  total  failure,  made  by  the  manufacturers  in  the  pres- 
ence of  a  number  of  architects,  showed  the  floor  to  have  an 
ultimate  capacity  of  from  1,300  lbs.  to  1,900  lbs.  per  sq.  ft. 

This  floor  has  also  withstood  severe  drop,  fire  and  water 
tests  satisfactorily. 

The  weight  of  this  system  of  flooring  is,  the  writer  believes, 
the  lightest  on  the  market,  being,  when  thoroughh'  dried,  only 
28  lbs  per  sq.  ft,  of  floor,  exclusive  of  beams,  plaster,  ceiling 
and  boarding.  The  cost  varies  from  16c  to  24c  per  sq.  ft. 
without  a  level  ceiling,  and  18c  to  26c  with  a  level  ceiHng. 
This  system  possesses  better  fire-proof  than  water-proof  quali- 
ties. Heavy  rains  have  occurred  during  erection  which  pene- 
trated the  top  floors,  dripping  down  upon  the  floors  below 
with  a  portion  of  the  plaster  of  paris  in  solution.  The  com- 
position is  very  disagreeable  to  handle,  it  is  said.  Theprincipal 
objection  to  the  system,  however,  is  the  discoloration  of  the 
ceiling  caused  by  the  gradual  working  to  the  surface  of  the 
water  used  in  the  mixture  after  it  has  taken  up  the  coloring 
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matter  contained  in  the  wood  shavings  and  iron  rust.     The  re- 
tention for  a  long  time  of  moisture  by  the  sawdust  is  also  an 

undesirable  feature. 

Mel  AX  System. 

This  S3'stem  was  first  used  in  Europe  in  1893,  principally 
for  floors  and   vaults.     Although  the  use  of  the  Melan  svstem 
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Half  Section 
between  I  Beams 


(See 


in  this  country 

has    thus    far 

been    confined 

to  the  construc- 
tion of  high  way 

bridges,  a  brief 

description  will 

not  be  out  of 

place. 

This  system  AfFlAA/ J^JT^Af 

consists  .briefly,  of  curved  I-beams  imbedded  in  concrete. 

Fig.  5.) 

These  curved  beams  abut  against  and  rest  upon  the  webs 

and  lower  flanges  respectiveh'  of  the  girders,  and  are  arched  so 

that  the  top  of  the  ribs  are  flush  with  the  tops  of  the  girders  ; 

the  ril)s  are  made  to  fit  ti^ht  lietween  the  girders  by  the  use  of 
.  wedges     driven     be- 

•  tween  the  webs  of  the 

ribs  and  girders.  No 
riveted  connections 
are  required.  After 
the  ribs  are  in  place 
a  centering  is  pro- 
vided with  tight  lag- 
ging (see  Fig.  6). 
which  ccnforms  to 
the  intrados  of  the 


r/^. 
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arch.  This  centering  is  placed  so  as  to  come  about  one  inch 
below  the  bottoms  of  the  ribs,  in  order  that  the  iron  work 
mav  be  entirely  covered  with  concrete.  The  concrete  is 
rammed  in  layers  extending  from  rib  to  rib,  beginning  at 
the  haunches  and  working  toward  the  crown  from  both 
directions.  This  concrete,  which  must  be  of  good  quality,  ex- 
tends only  to  the  top  of  the  iron  ribs.  The  space  above  is  filled 
in  with  poorer  concrete  and  cinders  or  other  refractory  mater 
ial  to  form  a  level  top  and  imbed  the  nailing  strips  which  re 
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ceive  the  floor.  The  size  and  arrangement  ot  I-beams  and  depth 
of  concrete  for  various  distances  between  girders  is  given  in  the 
accompanying  table. 

I-Beams 

Weijiht,  Depth 

Space,  Dis.  lbs.                 of 

ieet  with  rise  apart,  per  sq.  ft.  concr. 

of  1-12  to  1-15.  Depth,  ins.  Weight.  ins.  of  floor.  in    ins.. 

10  to  12 3  6  40  1.8  4 

12  to  16 4  6  40  1.8  41/2 

16  to  20 4  71/2  40  2.25  4V2, 

20  to  24 5  10  50  2.4  5V2 

The  speed  attained  in  laying  according  to  an  example  given 
in  the  Engineering-  News,  was  two  cubic  feet  per  man  per  hour, 
or  four  to  six  square  feet  per  man  per  hour.  It  is  stated  that 
this  is  a  low  speed  record. 

Tests  show  this  system  to  possess  very  great  strength. 
The  relative  strength  of  several  systems  of  arches  when  of  same 
thickness  is  stated  by  Mr.  Von  Empberger,  who  represents  the 
Melan  system  in  this  country,  to  be  as  follows:  Brick  arch,  1; 
Concrete,  5;  Manier,  16;  Melan,  36. 

The  claim  is  made  by  some  that  the  Melan  system  depends 
for  efficiency  upon  too  many  elements.  The  time  required  for 
setting  of  the  concrete  before  centers  can  be  removed  is  at  least 
one  week. 

Care  is  required  to  secure  good  mortar,  thoroughly  mixed 
and  properly  rammed  into  place,  necessitating  careful  superin- 
tendence where  common  labor  is  employed.  The  ribs  must  be 
free  from  rust  when  erected,  to  secure  a  proper  bond  between 
the  concrete  and  the  iron.  The  system  is  not  so  well  adapted 
to  form  a  flat  ceiling  as  some  others.  The  concrete  in  this  sys- 
tem is  called  upon  to  transmit  stresses  in  two  directions — a  con- 
dition which  should  be  avoided  where  possible  in  sound  engi- 
neering— the  concrete  acts  as  a  beam  between  the  ribs  and  also 
as  an  arch  between  the  girders.  The  Melan  system  seems  bet- 
ter adapted  to  use  in  warehouses,  etc.,  where  great  strength  is 
required,  than  in  office  buildings  and  others  subjected  to  a 
moderate  loading. 

RoEBLiNG  System. 

This  system  is  identical  in  the  main  with  the  Manier  system 
of  Europe. 

The  system  as  adapted  to  floors  consists  of  a  "wire  cloth 
arch,  stiffened  by  steel  rods  which  are  sprung  between  the  floor 
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beams  and  abut  against  the  seat  formed  by  the  web  and  lower 
flange  of  the  I-beams."  On  this  wire  arch  Portland  cement 
concrete  is  deposited  and  allowed  to  harden.  The  concrete  is 
filled  in  so  as  to  form  a  level  surface  on  top,  to  receive  the  nail- 
ing strips  and  floorboards.  A  level  ceiling  is  provided,  as  shown 
in  the  illustration,  by  running  a  system  of  iron  rods  from  beam 
to  beam  and  attached  to  them  b\'  means  of  patent  clamps. 

The  ceiling,  which  is  suspended  below^  the  bottom  of  the 
floor  beams  by  means  of  the  patent  clamps,  allows  free  circula- 
r'^.  7  tion  of  air  un- 

der the  beams 
after  the  plas- 
tering is  finish- 
ed, a  feature  up- 
on which  con- 
siderable stress 
Is  laid  by  the 
manufacturers . 
The  advantage 
claimed  is  that, 
in  case  of  fire  in 
a  particular 

spot,  the  air,  being  free  to  circulate,  is  not  apt  to  become 
so  heated  as  to  injure  the  iron,  while,  if  confined  to  a  small 
space,  it  is  liable  to  become  highly  heated  and  communicate 
the  same  temperature  to  the  iron  beams.  The  continuous  air 
space  is  a  feature  possessed  by  no  other  system. 

The  cinder  concrete  which  is  generally  used,  is  combined 
with  sand  and  cement  in  variable  proportions.  At  a  building 
visited  by  the  writer  the  proportion  was  one  part  Portland 
cement,  two  parts  sand,  and  five  parts  cinders. 

When  extra  heavy  loads  are  to  be  provided  for,  as  in  ware- 
houses, broken  stone  is  used  in  place  of  cinders,  increasing  the 
strength  as  well  as  the  weight. 

The  results  of  tests  given  in  the  manufacturer's  pamphlet 
upon  floors  in  buildings  show  the  arches  to  sustain  from  1,000 
to  1,200  lbs.  and  in  one  case  2,490  lbs.  per  square  foot,  without 
sign  of  weakness  in  the  former  and  without  failure  in  the  latter. 
As  to  the  ability  of  concrete  to  withstand  fire  and  water, 
there  seems  to  be  a  difference  of  opinion. 

The  writer  tested  a  piece  of  concrete  used  in  this  system, 
taken  from  the  floor  of  a  building  about  two  minutes  before 
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the  test,  and  after  heatino;  it  to  almost  a  white  heat  immersed  it 
in  cold  water.  The  cinders  were  unaffected,  but  a  considerable 
portion  of  the  sand  and  cement  separated  from  the  mass,  leaving 
the  latter  considerably  weakened.  Others,  who  have  made  the 
fire  and  water  test  and  who  would  have  preferred  poor  results, 
say  that  it  stood  the  test  well. 

The  floors  are  used  two  days  after  being  made  and  are 
guaranteed  to  withstand  a  test  after  being  ten  days  old.  Rapid 
progress  can  be  made  in  la\dng  this  floor.  The  wire  clo  i!h  is  cut 
to  the  proper  length  at  the  mills,  is  quickly  put  in  place,  serving 
the  purpose  of  a  center,  and  the  concrete  can  at  once  be  put  on. 

The  weight  of  the  floor,  as  given  in  the  pamphlet,  varies 
from  47  to  59  lbs.  per  sq.  ft.,  exclusive  of  iron  beams.  The  cost 
varies  from  18  to  23  cts.  per  sq.  ft. 

In  the  Roebling  system  the  distribution  of  the  material  to 
withstand  stress  is  such  as  to  quite  fully  satisfy  the  engineer- 
ing aim.  The  concrete  being  laid  in  the  form  of  an  arch,  is  sub- 
jected to  little  or  no  tension.  If  tension  is  developed  in  any 
part  of  the  arch  it  will  be  at  the  intrados,  where  the  wire  cloth 
is  placed  to  resist  it.  The  wire  cloth,  having  considerable 
strength  itself,  will  protect  any  weak  spot  due  to  possible  de- 
fective laying  of  concrete.  Care  must  be  exercised  in  laying  the 
wire  cloth,  that  the  crown  does  not  come  too  high,  in  which 
case  the  concrete  at  the  crown, where  it  should  be  about  2V2in., 
will  be  too  thin  and  thus  impair  the  strength  of  the  arch. 

This  system  is  well  suited  to  cutting  away  for  pipes,  etc., 
and  the  hollow  space  is  convenient  for  laying  them. 

Columbian  System. 

This  system  was  invented  in  this  country  and  has  been  in 
use  about  three  years,  during  which  time  27  different  buildings 
or  groups  of  buildings  have  been  supplied  with  it. 


NiJ>-tO   '■lOO" 
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The  Columbian  system  (see  Fig.  8)  consists  of  bars  of  steel, 
shaped  so  as  to  give  a  large  area,  for  the  concrete  to  adhere  to. 
These  bars  rest  in  "U"  shaped  stirrui)s  which  lie  on  the  top  of 
the    I-beams.       The  bars  and  stirrups  are  imbedded    in  the 
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middle  of  a  concrete  slab,  in  much  the  same  way  that  the  wires 
are  imbedded  in  the  composition  in  the  ^Vlanhattan  system. 

Accounts  of  tests  given  in  the  catalogue,  show  ver\'  satis- 
factory results.  One  floor  sustained  1,154  lbs.  per  sq.  ft.  with- 
out deflection.  A  remarkably  severe  fire  test  was  made  upon 
this  system  in  Pittsburg  in  1895,  under  conditions  specified  by 
the  Board  of  Fire  Underwriters  of  Alleghen\-  Count\',  Pa.  A 
section  of  floor  in  an  enclosed  space  was  subjected  to  intense 
heat  for  an  hour  and  then  drenched  with  water.  During  the 
test  the  arch  carried  a  load  of  750  lbs.  per  sq.  ft.  It  is  stated 
that  the  arch  was  uninjured. 

Like  concrete  in  an3- other  form,  it  requires  some  time  to  set 
before  it  is  safe  to  use — probabh-  two  or  three  da3S,  depending 
on  circumstances.  The  weight  of  this  system,  as  given  in  the 
catalogue,  is  from  30  to  50  lbs.  per  sq.  ft.  The  cost  varies  from 
15  to  25  cts.  per  sq.  ft. 

The  Columbian  s\'stem  is  open  to  one  objection  from  which 
man^-  others  are  free,  viz.:  The  steel  used  is  of  a  special  shape 
made  by  one  concern,  and  a  delay  for  an\- cause  in  obtaining 
the  steel  would  necessarily  delay  the  progress  of  the  work;  while 
a  floor  made  of  material  which  can  be  procured  in  the  open 
market  is  less  liable  to  interruption. 

The  advantage  of  combining  iron  and  concrete,  as  has  been 
stated,  is  to  place  the  iron  so  as  to  strengthen  the  concrete 
against  tension,  and  to  do  this,  the  iron  must  be  near  the  soflit 
of  the  arch  or  bottom  of  the  beam,  where  the  tension  exists. 
This  is  accomplished  in  a  greater  or  less  degree  in  the  Roebling, 
AIetropolitan,and  Melan  systems,  but  is  evidenth'  not  aimed  at 
in  the  Columbian,  since  the  bar  of  steel  is  in  the  middle  of  the 
concrete  slab. 

Two  other  systems  may  be  briefly  mentioned  in  conclusion, 
namely,  the  Ransome  system,  and  the  St.  Louis  Iron  Wire 
and  Expanded  Metal  Company's  s\stem.  Neither  have  thus 
far  l)een  used  in  the  East.  The  former  has  been  used  in  San 
Francisco,  and  consists  of  twisted  square  iron  bars,  imbedded 
in  concrete  near  the  bottom.  The  rods  cross  at  right  angles 
from  side  to  side  of  the  room  at  varying  intervals,  affording  a 
good  opportunity  for  making  a  very  ornamental  beamed  ceiling. 

The  latter  is  much  like  the  Melan  system,  with  the  addition 
of  expanded  metal,  which  is  imbedded  in  the  concrete  over  the 
entire  surface  of  the  floor,  insuring  the  integrity  of  the  latter. 
Channels  are  used  for  ribs  In  place  of  the  I-beams  of  the  Melan 
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system.  These  are  placed  with  the  trough  up,  which  is  filled 
with  concrete  up  to  the  level  of  the  girders.  The  expanded 
metal  is  then  laid  on  and  imbedded  in  concrete. 

No  system  possesses  all  of  the  desirable  features  of  a  fire- 
proof floor,  nor  all  of  the  objectionable  ones,  but  each  combines 
them  in  varying  proportions.  The  choice  of  a  system  depends 
upon  so  many  conditions,  some  of  which  vary  from  da\'  to  day 
and  others  w-ith  the  locality,  that  each  case  must  be  investigat- 
ed for  itself  in  determining  the  system  best  adapted  to  it. 
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IRRIGATION  ENGINEERING  IN  THE  UNITED  STATES. 

C.    H.    KENDALL,    C.    E. 

The  practice  of  irrigation  has  cone  to  be  one  of  the  most 
important  questions  of  the  day.  Its  development  on  a  scientific 
and  practical  basis  in  this  country-  has  been  so  rapid  that  Irri- 
gation Engineering  is  now  a  recognized  profession,  and,  at  the 
present  time,  no  branch  of  Civil  Engineering  is  receiving  more 
-marked  attention  throughout  the  Western  states. 

Previous  to  1882,  no  irrigation  work  was  designed  or  con- 
structed on  sound  engineering  principles,  but  the  development 
of  this  art  has  been  so  progressive  in  the  past  few  years  that 
now  our  works,  while  not  of  such  magnitude  as  the  English 
^'orks  in  India,  surpass  those  of  Eg\'pt,  France,  Spain,  Italy, 
Mexico,  and  South  America,  which  countries  have  irrigated  for 
-centuries,  and  do  compare  ver\'  favorably  with  those  of  India. 

To  illustrate  the  phenomenal  growth  of  this  new  profession 
in  the  United  States,  mention  maj^  be  made  of  the  following : 
the  flourishing  American  Society  of  Irrigation  Engineers,  or- 
ganized in  1891 ;  the  transactions  of  the  four  National  Irriga- 
tion Congresses ;  the  numerous  Irrigation  Commissions  and  Con- 
ventions held  annually ;  that  California,  Colorado,  and  Wyom- 
ing have  their  State  Irrigation  Engineers;  that  many  of  the  Ag- 
ricultural Experiment  Stations  of  the  State  Universities  have  ir- 
rigation engineers  enrolled  on  their  staffs ;  and  that  now  sev- 
eral periodicals  are  published  devoted  to  the  interests  of  irriga- 
tion. 

This  recent  rapid  growth  is  due  to  the  recognition  by  the 
Federal  Government  of  the  importance  of  the  subject  to  the  fu- 
ture gi'owth  and  prosperity  of  its  people.  Hundreds  of  thou- 
sands of  dollars  have  been  appropriated  for  furthering  investiga- 
tions on  a  scientific  basis.  In  connection  with  the  United  States 
Geological  Survey,  hydrographical  and  hydrological  survey's  and 
investigations  have  been  made  that  are  of  incalculable  value. 
It  is  the  official  reports  of  these  surveys,  together  with  the 
investigations  of  the  Department  of  Agriculture  and  of  individ- 
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ual  states,  that  aftbrd  us  the  best  literature  upon  the  subject. 

The  magnitude  and  intricacy  of  the  i^roblems  met  with  re- 
quire the  highest  degree  of  engineering  abiHty,  and  the  Irrigation 
Engineer,  in  order  to  cope  successfully  with  these  problems, 
must  be  especially  well  qualified  in  the  principles  of  Hydraulics, 
Meteorology,  Hydrolooy,  Geology,  Topographical  and  Hy- 
drographical  surveying,  and  Water  Rights  Legislation.  The 
field  is  a  large  one,  and  though  much  has  been  done,  the  amount 
is  but  a  small  proportion  of  what  will  be  done  in  the  fixture. 
This  is  at  once  apparent  when  we  ren)cmber  that  the  popula- 
tion of  the  United  States  doubles  every  thirty  years;  that  the 
center  of  population  is  steadih-  moving  westward  at  the  rate  of 
fifty  miles  every  ten  years;  and  that  now  there  is  less  than  four 
million  acres  of  land  irrigated,  w^hile  there  still  remains  about 
three  hundred  million  acres  of  irrigable  land  awaiting  develop- 
ment. 

We  will  now  discuss,  in  a  general  way,  as  far  as  the  present 
limits  of  this  paper  will  allow,  the  present  practice  and  methods 
employed  in  the  West,  taking  up  the  following  subjects: — 
I.     Division  of  territory. 
II.     Quantity  of  water  needed. 

III.  Source  of  supply. 

IV.  Classes  of  works. 

V.     Distribution  of  water. 
VI.    Application  of  water. 
VII.     Economical  and  financial  aspects. 

Division  of  Territory. 

As  a  matter  of  convenience,  the  United  States  has  been 
divided  into  sections  according  to  the  amount  of  annual  pre- 
cipitation. These  divisions  are  termed  the  "arid,"  "humid," 
and  "semi-humid"  regions.  Where  the  rainfall  is  more  than 
twenty  inches,  it  is  classed  as  a  humid  region  ;  and  here  irriga- 
tion is  not  absolutely  necessary,  but  very  often  so  increases  the 
yield  and  insures  against  crop  failure  that  it  becomes  a  very 
profitable  consideration.  In  this  region  we  may  class  the 
states  and  portions  of  states  east  of  the  97th  meridian,  and  also 
the  western  parts  of  northern  California,  Oregon,  and  Wash- 
ington. 

The  region  where  the  rainfall  is  from  12  to  20  inches  is 
termed  the  semi-humid,  and  to  this  class  belong  the  states  of 
North  and  South  Dakota,  Nebraska,  Kansas,  most  of  Texas^ 
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and  Oklahoma  Territory.  Here  some  3-ears  rainfall  is  abund- 
ant, the  crops  luxuriant,  and  prosperity-  evident;  then  come 
dry  years  and  failure  of  crops,  which  lead  to  discouragement,  if 
not  actual  starvation.  It  is  in  this  region  of  variable  and  un- 
certain rainfall  that  irrigation  should  l^e  more  studied  «nd 
practiced  ;  then  certainty  of  crops  would  result,  with  a  corres- 
ponding increase  in  yield,  and  not,  as  now,  be  a  mere  matter  of 
speculation  depending  upon  nature  watering  the  land. 

The  states  and  territories  west  of  the  above  region,  having 
a  rate  of  rainfall  below  twelve  inches,  belong  to  the  arid  region 
and  no  attempt  is  here  made  to  cultivate  the  land  without  irri- 
gation. We  find  here  our  most  advanced  irrigation  works  in 
operation;  giving  abundant  crops  ever^-  \ear  and,  where 
climatic  conditions  favor,  often  two  or  more  crops  are  pro- 
duced a  \ear.  The  area  of  this  section  is  about  nine  hundred 
million  acres,  much  of  which  will  neverproducecrops,  even  with 
water,  because  the  climate  and  soil  are  unfavorable. 

Quantity  of  Water  Needed. 

The  term  "dut\'  of  water"  is  used  to  express  the  amount  of 
land  a  given  quantity'  of  water  will  irrigate.  This  duty  is  by 
no  means  constant,  but  varies  throughout  the  arid  region  ac- 
cording to  the  character  of  the  water  supply,  the  methods  of 
employing  it,  the  character  of  the  soil  and  crops,  and  the  skill 
and  experience  of  the  irrigator. 

The  average  duty  of  water  is  one  hundred  acres  to  the  sec- 
ond-foot. .Besides  this  generally  accepted  term  for  the  duty, 
one  meets  with  the  following  expressions  in  different  localities: 
"Acre-inches,"  "acre-feet,"  "California  miner's  inches,"  and 
"Colorado  miner's  inches."  One  cubic  foot  of  water  per  second 
is  equal  to:  86,400  cubic  feet  per  day,  646,317  gallons  i3er 
day,  2,700  tons  per  day,  24  acre-inches  per  day,  50  California 
miner's  inches,  38.4  Colorado  miner's  inches.  It  will  flood  one 
hundred  acres  in  one  hundred  days,  twenty-four  inches  deep,  or 
one  hundred  and  fift^'^  acres  in  one  hundred  days,  eighteen 
inches  deep,  and  so  on. 

The  amount  of  rainfall  necessary-  for  raising  a  successful 
crop  is  about  sixteen  inches.  In  Utah,  the  average  duty  is  one 
hundred  acres  per  second-foot,  and  the  following  table,  pub- 
lished by  Professor  Fortier,  shows  the  various  depths  of  water 
applied  to  the  land  in  producing  the  crops  mentioned, — calcu- 
lated on  the  basis  of  one  hundred  davs: 
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Crop. 

Strawberries 

Cauliflower 

Tomatoes 

^ixed  crop 

Barley 

Corn 

Potatoes 

Onions 

Pcacli  Orchard. 


Dutv  in  acres 

:pth  of  Water. 

persec.-ft. 

27.50  inches 

93 

8.25      " 

291 

24.75      " 

97 

23.00      " 

103 

7.25      " 

330 

3.75      " 

660 

16.63      '• 

143 

35.50      " 

^7 

12  00      " 

213 

1  K  ±f\      " 

')^R 

Mean 

Sources  of  Supply. 

The  climate,  geology,  and  topograph^'  are  the  chief  factors 
in  determining  the  sources  of  supply,  which  we  may  class  tinder 
the  following  heads:  Rainfall;  Running  Streams  and  Springs; 
Storage  Reservoirs ;  Ground  Water,  or  Sub-surface  Supplies ; 
Artesian  Wells;  Ordinary  Wells. 

So  far,  all  attem.pts  to  produce  rainfall  artificially  have  been 
unsuccessful.  The  fi.rst  five  sources  furnish  water  for  "gravity 
irrif'ation,"  which  supplies  ninety-nine  one-hundredths  of  the  ir- 
rigated land.  The  supply  from  wells  is  termed  "lift  irrigation," 
and  though  this  method  is  almost  inappreciable  in  extent,  it  is 
becoming  more  and  more  popular,  due  to  modern  improvements 
and  special  designs  of  pumping  plants  for  the  purpose. 

Classes  of  Works. 

Herbert  M.  Wilson,  C.  E.,  in  his  work  on  "American Irriga- 
tion Engineering,"  includes  five  great  classes  of  works  in  gravity 
irrigation,  viz.:  Perennial  Works ;  Periodical  Works;  Storage 
Worjvs;  Irrigation  from  Sub-surface  Sources;  Irrigation  from  Ar- 
tesian Wells.  B3-  perennial  works  are  meant  thosecanals  which 
receive  their  supply  from  streams  of  sufficient  discharge  to  af- 
ford irrigation  at  all  times  to  the  lands  commanded  by  them. 
Among  works  of  this  class,  the  following  may  be  mentioned  as 
of  particular  interest  and  magnificence: — 

(a)  The  Turlock  Canal,  diverted  from  the  Tuolumne  River 
in  California.  It  has  a  total  length  of  180  miles  and  commands 
176,110  acres.  It  has  a  capacity  of  1,500  second-feet  and  the 
estimated  cost  was  about  4>1, 110,000. 

(b)  The  Idaho  Mining  and  Irrigation  Company's  canal, 
diverted  from  the  Boise  River,  is  70  miles  long  and  irrigates 
350,000  acres. 
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(c)  The  Pescos  Canal  System,  diverted  from  the  Pescos 
River  in  New  Mexico,  commands,  with  several  hundred  miles 
of  laterals,  about  400,000  acres. 

(d)  The  Bear  River  canal,  from  the  Bear  River  in  Utah, 
has  150  miles  of  main  line  and  commands  236,000  acres.  Its 
estimated  total  cost  was  $3,000,000. 

Periodical  works  are  canals  taking  their  supply  from 
streams  which  furnish  water  for  a  portion  of  the  irrigation  sea- 
son only.  Such  works  may  be  found  supplying  a  limited  terri- 
tory throughout  the  West  where  the  conditions  are  such  that 
they  supplement  the  natural  supply  in  the  soil  which  alone  is 
almost  sufficient  for  the  cultivation  of  crops. 

Storage  works  are  constructed  in  intermittent  streams,  im- 
pounding the  flood  waters  to  supplement  the  flow,  so  as  to  in- 
sure a  constant  supph'  during  the  irrigation  season  regardless 
of  rainfall. 

There  are  various  classes  of  these  works  according  to  char- 
acter and  location  of  the  storage  basins  and  sites  of  the  dams. 
Among  the  most  important  ma\'  be  mentioned  : — 

The  Carayamaca  earthern  dam,  in  California,  impounding 
11,500  acre-feet  of  water  and  covering  an  area  of  1000  acres. 
It  is  635  feet  long  and  40  feet  high.  The  water  is  conducted 
from  it  through  a  wooden  flume  36  miles  long,  which  passes 
over  some  315  trestles. 

The  Bear  Valley  Reservoir,  of  California,  has  surface  area 
of  2,252  acres  and  capacity  of  40,550  acre-feet  (10,000,000,000 
cu.  ft.).  The  dam  is  of  ashlar  masonry,  300  feet  in  length  on 
crest,  64  feet  high,  and  arched  up  stream  with  a  radius  of  335 
feet.  The  new  dam,  located  just  below,  is  120  feet  high  and  also 
of  curved  form. 

The  Sweetwater  Reservoir  Dam,  of  San  Diego,  is  of  rubble 
masonry-,  94  feet  high,  380  feet  long,  and  impounds  18,000 
acre-feet  (770,000,000  cu.  ft.). 

The  Buchanan  Reservoir  dam  isof  uncoursed  rubblemason- 
ry,  780  feet  long,  100  feet  high,  curved  with  radius  at  centre 
of  1,146  feet.  It  impounds  42,400  acre-feet  over  an  area  of 
1000  acres. 

Irrigation  from  ground  water  sources  is  by  tunnels  under 
stream  beds,  or  into  the  hillside  to  tap  some  water  bearing 
stratum,  or  by  open  cuts  in  the  sloping  ground,  or  b\-  wells  to 
collect  the  ground  water.  These  supplies  are  situated  at  var- 
ious depths  and  large  volumes  of  water  are  obtained  from  these 
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sources  in  various  portions  of  the  West.  In  California,  sub- 
merged dams  have  been  built  across  dry  stream  beds  to  cut  off 
the  imder-flow  and  bring  it  to  the  surface.  A  great  deal  of 
\vater  has  been  "mined"  in  both  Colorado  and  California  by 
constructing  sub-surface  canals  or  tunnels  into  the  underground 
storage.  Also  a  few  depressed  canals  have  been  excavated 
along  slopes. 

Only  a  small  amount  of  water  used  forirrigation  is  obtained 
from  artesian  wells.  Still  there  are  about  9,000  wells  widely 
distributed,  but  mostly  in  California,  Colorado,  Utah,  the 
Dakotas,  and  Texas.  Artesian  water  is  not  as  suitable  for  irri- 
gation as  .surface  and  sub-surface  water  and  is  mostly  employed 
for  stock,  small  gardens,  fruit  trees,  and  grass.  Thecost  is  more 
than  twice  that  of  the  ordinary  method  of  obtaining  water. 

Water  supplied  by  "lift"  irrigation  is  one  of  the  most  prom- 
ising methods  of  the  future.  Though  relatively  small  in  amount 
Avhen  compared  with  that  from  streams,  it  has  great  import- 
ance from  the  fact  that  dependence  must  be  placed  upon  it  in 
many  localities  where  running  water  cannot  be  had. 

Wind-mills  have  been  extensively  used  and  in  connection 
with  a  small  reservoir  furnish  a  constant  supph'  to  a  small 
acreage.  Where  good  supplies  are  to  be  found,  it  is  the  cheap- 
est way.  Steam  pumps  are  not  yet  fully  appreciated,  but 
pumping  plants  are  coming  into  use  and  a  large  number  are 
now  in  operation  in  all  portions  of  the  West ;  in  California, 
Colorado,  Wyoming,  and  Arizona  in  particular.  Each  pump 
supplies  water  for  from  fifty  to  one  hundred  acres.  The  use  of 
the  gasoline  engine  is  finding  favor,  as  it  does  not  require  con- 
stant attention,  but  will  work  autoTiatically  for  several  hours, 
or  all  day  after  once  started. 

Distribution  of  Water. 

Methods  of  carrying  water  to  the  points  of  application  are: 

1.  By  canals  or  ditches,  with  or  without  masonry  lining. 
The  unlined  is  the  cheapest,  but  much  washing  of  banks  occurs 
and  the  loss  by  percolation  and  evaporation  is  ver\'  large. 
When  lined,  they  give  excellent  satisfaction,  but  are  more  costly 
than  timber  flumes. 

2.  Wooden  flumes  have  been  quite  extensively  employed  in 
some  sections  and  have  been  found  to  be  the  most  economical 
when  well  made. 

3.  Concrete  or  stoneware  pi])e  laid  on  regular  grade  gives 
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the  least  loss  from  evaporation,  but  the  cost  for  maintenance  is 
sometimes  high,  as  the  pipe  is  liable  to  be  disarranged  or  choked 
b^'  roots. 

4.  Wrought  iron  or  steel  riveted  pipes,  coated  with 
asphaltum,  to  prevent  rusting,  are  coming  into  use  and  have 
the  advantage  of  wood  or  stoneware  as  regards  evaporation. 
These  can  be  used  under  pressure  and  consequently  can  be  run 
in  a  direct  line  to  the  land  to  be  irrigated.  They  cost  more 
than  wood  and  deteriorate  rapidly  in  certain  soils,  but  some- 
times the  length  of  line  saved  more  than  compensates  for  extra 
cost. 

Application  of  Water. 

The  water  is  usually  delivered,  and  where  possible,  at  the 
highest  point  of  lot,  so  it  will  gravitate  to  any  desired  point. 

One  method  of  irrigating,  where  water  is  plentiful,  is  to  run 
the  water  in  unlined  open  ditches  and  flood  the  entire  surface. 
It  is  very  wasteful  and  requires  level  land.  When  water  is  not 
so  abundant,  ditches  are  lined  and  the  water  is  turned  into 
Ijasins  about  the  trees  or  furrows  about  the  crops  and  allowed 
to  soak  down  into  the  soil. 

On  uneven  ground  it  is  necessary-  to  use  small  iron  pipes  or 
timber  flumes.  The  flow  of  the  water  is  regulated  by  me- 
chanicalh'  devised  troughs  and  weirs. 

Sub-surface  irrigation  is  practiced  to  some  extent  and  con- 
sists of  a  series  of  concrete  pipes  laid  in  the  ground  deepenough 
to  escape  disturbance  by  cultivation.  This  method  avoids  sur- 
face evaporation,  but  is  costh'  and  the  pipesgetchokedbj"  roots. 

Economical  and  Financial  Aspects. 

The  average  annual  cost  of  apph'ing  water,  per  acre,  is 
from  $0.75  to  $2.  However,  in  Southern  California,  $10  is  not 
uncommonh'  paid  where  land  is  valued  at  $1,000  per  acre  for 
horticultural  purposes.  The  average  first  cost  of  water  supply 
is  at  the  rate  of  $8.15  and  its  average  value  is  $26  per  acre. 
The  following  table  taken  from  the  United  States  Census  Re- 
port for  1890,  as  prepared  by  F.  H.  Newell,  of  the  Geological 
Survey,  is  ver^'  valuable  as  showing  the  extent  and  cost  of  irri- 
gation and  furnishing  accurate  statistics  on  the  subject. 
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SOME  EXPERIMENTS  WITH  BROM-CYAN. 

H.    C.    CUTLER,    B.  E.  M.,    '94. 

Some  few  months  ago  the  metallurgical  world  was  stirred 
by  the  announcement  of  a  new  solvent  for  gold  and,  conse- 
quently, of  a  new  process  for  its  extraction  from  ores.  The 
new  solvent  was  a  mixture  of  potassium  C3'anide  and  brom- 
c\'an.  Brom-cyan  is  a  compound  of  bromine  and  cyanogen^ 
having  the  formula  of  BrCX.  A  one-half  per  cent,  solution  of 
potassium  cyanide  and  a  one-quarter  percent,  solution  of  brom- 
cyan  will  dissolve  gold  leaf  nearly  as  quickly  as  aqua  regia. 

The  writer  has-  made  a  large  number  of  experiments  in  the 
laboratory  and  on  a  working  scale  with  the  solution.  On  some 
classes  of  ores  very  favorable  results  were  obtained,  while  on 
others  the  solution  worked  no  better  than  the  potassium  cyan- 
ide alone. 

The  chemist  who  claimed  the  discovery  of  the  new^  solvent 
used  in  his  experiments  crystals  of  pure  brom-CN'an,  which  he 
stated  could  be  manufactured  cheaph'.  At  the  time  of  making 
these  experiments,  the  crystals  of  pure  brom-cyian  were  not  ob- 
tainable, hence  a  solution  made  b^'  mixnig  bromine  and  a  solu- 
tion of  potassium  cyanide  was  used.  In  making  this  solution 
a  number  of  interesting  facts  were  noticed. 

Two  methods  were  used.  In  the  first,  a  saturated  solution 
of  potassium  c^-anide  and  pure  bromine  were  mixed.  In  the 
second,  a  weak  solution  of  potassium  c^-anide  (not  over  5  per 
cent.)  was  added  to  water  saturated  with  bromine. 

In  the  first  method,  there  was  a  violent  action  when  the 
two  chemicals  were  mixed  and  a  large  number  of  reactions  took 
place.  Potassium  bromide  (K  Br)  and  caustic  potash  (K  O  H) 
were  formed.     The  cyanogen  radical  (C  X)  was  split  up.     The 
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carbon  and  nitrogen  thus  formed,  uniting  with  the  oxygen  and 
hydrogen  of  the  water,  formed  a  number  of  organic  compounds. ' 
Some  of  these  organic  compounds  were  thrown  down  in  the 
state  of  a  heavy  black  precipitate.  The  remainder  were  solu- 
ble and  imparted  a  deep  brown  color  to  the  resulting  solution. 
The  precipitate  varied  in  amount  each  time  the  solution  was 
made.  Just  what  conditions  are  necessary  for  the  least  amount 
was  not  ascertained. 

In  the  second  method,  the  results  were  different.  The  viol- 
ent action  seen  in  the  first  method  was  entirely  absent.  Upon 
adding  the  solution  of  bromide  in  water  to  the  weak  potassium 
cyanide  solution  the  resulting  liquid  remained  perfectly  clear 
until  the  bromide  was  in  excess,  when  -it  assumed  the  light 
brown  color  of  bromine. 

The  formula  for  this  reaction  was  determined  by  the  writer 
in  the  following  manner:  The  strength  of  a  saturated  solution 
of  bromine  in  w^ater  was  found,  bj  titrating  with  silver  nitrate, 
to  be  1.245  per  cent.  A  burrette  was  then  quickly  filled  with 
this  solution.  Ten  cubic  centimeters  of  a  .3  per  cent  solution 
of  potassium  cyanide  was  placed  in  a  small  flask.  The  flask 
was  then  closed  with  a  rubber  cork  in  which  there  was  a  hole 
just  large  enough  for  the  end  of  the  burrette.  The  cyanide  solu- 
tion was  then  titrated  with  the  bromine  water.  It  took  2.95-f- 
cubic  centimeters  of  the  bromine  solution  to  neutralize  the  10 
cubic  centimeters  of  the  potassium  cyanide  solution.  From  the 
molecular  weights  it  will  be  found  that  there  was  just  enough 
bromine  in  the  2.95+  cubic  centimeters  of  solution  to  imite 
with  the  cyanogen  of  the  potassium  cyanide  to  form  brom- 
cyan  (BrCN).  Caustic  potash  (KOH)  and  no  potassium  brom- 
ide (KBr)  was  found  in  the  resulting  solution.  The  reaction, 
therefore,  may  be  as  follows : 

2KCN  +  2Br  -f-  O  -|-  H2O  =  2Bi-CN  +  2K0H. 

Greater  economy  would  result  in  making  brom-cyan  by  the 
second  method. 

These  methods  were  used  only  for  the  purpose  of  experi- 
ment. If  the  process  was  to  be  used  on  a  practical  scale  the 
crystals  of  brom-cyan  should  be  obtained.  The  solution  could 
then  be  made  and  handled  much  more  conveniently. 

The  following  table  contains  results  of  some  experiments 
with  potassium  cyanide  alone,  and  a  mixture  of  potassium 
cyanide,  and  brom-cyan : 
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It  will  be  noticed  in  the  foregoing  table  that  the  loss  of 
brom-cyan  (BrCN)  in  treatment  is  not  given.  This  is  due  to 
the  fact  that  no  satisfactory  method  of  determining  this  loss 
could  be  devised.  The  potassium  bromide  (KBr)  formed  in 
dissolving  the  gold  according  to  equation, 

BrCN  +  3KCN  +  2Au  =  2(KAuCN2)  +  KBr, 

interfered  in  the  titration  of  the  Br  C  N. 

The  experiments  show  that  in  some  cases  brom-cyan  solu- 
tion gives  better  results  than  simple  potassium  cyanide. 

As  the  apparatus  which  was  available  for  making  brom- 
cyan  on  a  large  scale  was  very  crude,  the  results  obtained  were 
not  as  satisfactory  as  the  laboratory  tests.  There  is  no  doubt 
that,  if  the  brom-cyan  solution  could  have  been  applied  in  the 
proper  w^ay,  laboratory  results  could  have  been  duplicated  on 
a  v^orking  scale. 
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NOTES  OX  MACHINE  DESIGNING. 

BY  JOHN   H.    BARR,  '83. 
.\ssistant  Professor  of  Machine  Design,  Sibley  College,  Cornell  rniversity. 

The  steam  engine,  like  all  other  engineering  constructions, 
is  strictly  subject  to  the  laws  of  mechanics;  but  the  operation 
of  the  engine  presents  such  a  complex  problem  in  d^mamics  that 
it  is  practically  impossible  to  base  its  design  on  purely  rational 
methods.  The  var^-ing  steam  pressure  upon  the  piston  is  but 
one  element  in  the  complicated  system  of  forces  acting,  as  accel- 
eration (linear  and  angular),  friction,  variation  of  the  external 
load,  gravity,  etc.,  etc.,  all  exert  an  influence  upon  the  stresses 
produced  in  the  members.  These  alone  make  the  exact  compu- 
tation of  dimensions  for  strength  and  rigidit3"  exceedingh^  dif- 
ficult; and,  moreover,  other  considerations,  both  "theoretical" 
and  "practical",  are  of  equal  importance,  and  must  receive 
proper  attention  from  the  practical  designer.  He  has  to  deal 
vvrith  the  pressures  upon  the  bearing  surfaces  and  their  velocities 
of  rubbing,  which  aflect  the  mechanical  efficiency,  durability,  and 
fi'eedom  from  heating.  In  many  cases,  the  stopping  of  the  en- 
gine during  working  hours  is  a  more  serious  source  of  loss  than 
is  extravagance  in  the  use  of  fuel.  Thus,  while  thermal  efficien- 
cy is  of  the  highest  importance,  generally,  it  is  onl^-  one  factor 
in  the  final  efficiency. 

Apart  from  the  engineering  elements  in  the  problem,  there  is 
always  the  commercial  element.  This  requires  the  general  use 
of  regular  standard  forms  and  sizes  when  feasible,  and  often 
modifies  the  computations  based  upon  pure  mechanics.  Econ- 
omy of  construction  dictates  the  adoption  of  forms  and  dimen- 
sions which  can  be  readih',  accurately,  and  certainly  produced 
in  the  shops.  The  limitations  of  the  mechanic  arts,  as  practiced 
in  the  foundry  and  machine  shop,  must  ever  be  in  the  mind  of 
the  designer.  As  between  the  ideal  form  which  can  be  produced 
only  at  great  expense,  and  the  "good  enough"  form  which  is  a 
great  deal  cheaper,  the  latter  is  frequently  the  only  one  practi- 
cable. 

Then  again,  a  builder  often  has  calls  for  engines  which  do 
not  differ  greatly  in  capacity,  and  he  meets  this  demand  bv 
building  two  engines  having  the  same  stroke  but  somewhat  dif- 
ferent diameters  of  piston ;  for  example,  one  is  11  x  12  inches 
and  the  other  is  12  x  12  inches.     The  almost  universal  practice 
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in  such  cases  is  to  use  the  same  frame,  crank-shaft,  connecting 
rod,  crosshead,  etc.,  for  both  sizes.  This  results  in  relatively 
stronger  members  for  the  smaller  engine ;  but  the  saving  in  con- 
struction outweighs  the  small  gain  in  material  which  would  re- 
sult if  all  the  members  of  the  smaller  engine  were  reduced  in  pro- 
portion to  the  loads  upon  them. 

It  is  owing  to  such  considerations  as  these,  which  can  onh^ 
be  appreciated  by  one  who  has  observed  thoughtfully  for  years, 
that  the  designer  must  acquire  much  experience  before  he  can 
become  thoroughly  successful.  The  traditional  worthlessness 
of  the  young  technical  graduate  is  due  to  his  lack  of  familiarity 
with  the  so-called  practical  considerations.  If,  when  he  steps 
from  the  college  into  the  shop  or  office,  he  is  not  at  once  a  suc- 
cessful designer,  it  is  not  because  his  ideas  are  bad,  but  because 
he  has  not  enough  of  them.  The  school  shops  and  laboratories 
can  be  made  to  do  much  toward  remedying  these  defects,  but 
the  time  available  for  such  drill  as  they  afford  can  never  pro- 
duce the  mature  judgment  required  of  the  well  rounded  engineer. 
The  education  begun  in  the  technical  school  must  be  carried  on 
through  3"ears  of  practice.  This  is  no  argument  against  the 
courses  of  the  best  schools  ;  for  they  give  a  training  which  one 
can  scarcely  acquire  in  practice ;  while  the  experience  and  judg- 
ment essential  to  the  practical  engineer  are  just  the  things  that 
are  most  surely  attained  in  his  professional  life. 

This  dual  training,  that  of  the  college  and  that  of  the  shop 
and  office,  are  not  in  themselves  sufficient  to  produce  the  high- 
est order  of  engineer.  The  engineering  genius,  like  the  musical 
genius,  has  an  inborn  aptitude  for  the  w^ork  of  his  profession. 
But  mechanical  intuition  can  be  cultivated  by  drill  and  obser- 
vation. Among  the  most  useful  methods  to  this  end  may  be 
mentioned  the  practice  of  sketching  and  noting  dimensions  of 
existing  constructions,  especially  of  the  product  of  highly  suc- 
cessful designers.  When  a  peculiar  form  is  noticed  in  a  machine 
member,  study  it  particularly  to  see  if  this  form  was  adopted 
for  good  reasons,  and  if  some  better  construction — all  essentials 
considered — could  not  be  substituted.  For  a  most  helpful  dis- 
course on  this  subject,  the  reader  is  referred  to  a  paper  by  Mr. 
John  T.  Hawkins  on  "The  Education  of  Intuition  in  Machine 
Designing,"  Transactions  of  the  American  Society  of  Mechani- 
cal Engineers,  Vol.  VIII.,  page  458. 

F'ew  engineers  can  rely  safely  upon  their  own  experience 
alone;   the  successes  and  failures  of  others  furnish  food  for  re- 
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flection.  Machine  design  is  a  composite  of  art  and  science;  the 
science  suggests  the  lines  of  design,  and  should  be  applied  when 
feasible  as  a  check ;  but  the  element  of  art  often  dictates  the 
final  forms  and  dimensions. 

Returning  to  our  illustration  of  the  steam  engine,  we  find 
that  certain  dimensions  can  be  subjected  to  analysis  and  more 
or  less  exact  computation ;  but  the  true  value  of  most  of  the 
calculations  as  to  strength  is  of  the  nature  of  insurance.  Any- 
one who  has  ever  compared  the  proportions  of  a  modern  high- 
speed engine  with  dimensions  calculated  by  the  ordinary  formu- 
las of  mechanics  has  been  impressed  with  the  apparently  high 
"factor  of  safety"  which  is  frequently  observed ;  and  yet  these 
engines  are  not  free  from  break-downs.  The  explanation  is  that 
man\'  of  the  general  dimensions  actually  used  have  been  found 
necessary-  in  service.  The\'  have  been  adopted  to  provide  for 
the  various  elements  which  can  hardh'  be  treated  analytically. 
There  are,  to  be  sure,  instances  in  which  the  dimensions  are 
much  beyond  the  requirements,  for  it  is  the  practice  of  some 
builders  to  make  certain  parts  much  heavier  than  those  of 
equalh^  successful  competitors.  This  practice  may  be  due  to 
ignorance  of  the  requirements,  or  is  a  bid  for  popular  favor 
through  comparison ;  the  presumption  usualh^  being  in  favor 
of  the  heax-ier  machine  when  judged  by  partially  informed  buy- 
ers. In  general,  it  may  be  said  that  mass  in  the  fi-ame  and 
stationarx'  parts  of  a  machine  are  desirable  where  there  is  lia- 
bility of  severe  shock ;  while  the  moving  members  should  be  as 
light  as  is  consistent  with  strength  and  rigidity-.  Of  course  this 
does  not  apply  to  such  moving  members  as  fly  wheels,  etc.,  and 
there  are  man\'  exceptions  to  this  rule. 

The  exercise  of  individual  judgment  leads  to  a  wide  diversity 
in  the  proportions  adopted  by  difl'erent  designers  of  similar 
machines ;  which  is  in  marked  contrast  with  the  general  agree- 
ment as  to  certain  other  proportions. 

The  writer  has  been  engaged  during  the  past  year  or  two 
in  comparing  the  proportions  of  high-speed  engines.  A  partial 
report  of  this  examination  was  presented  to  the  American  So- 
ciety of  Mechanical  Engineers  at  the  recent  meetingin  New  York. 
The  method  used  was  to  write  to  various  builders,  enclosing  a 
blank  form  to  be  filled  out  with  the  required  data.  The  infor- 
mation collected  was  classified,  and  values  substituted  in  stand- 
ard formulas,  (of  a  rational  form  when  possible),  and  the  con- 
stants  were  then  derived.     For  example,  in  studying  crank- 
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shafts,  those  engines  having  center,  or  inside,  cranks  were  treat- 
ed by  themselves,  using  the  formula  d  =  C<$/  H.  P.  -^N;  in  which 
<i=diam.  of  shaft,  H.P.=rated  horse-power,  N  =  revs,  per  min- 
ute. From  the  data  for  each  engine  the  value  >§/  H.  P.  ^N  was 
calculated,  and  plotted  as  an  abscissa;  the  valuegiven  for  (/be- 
ing used  as  the  ordinate;  these  co-ordinates  gave  a  point. 
About  fift3'  points  were  obtained  in  this  way,  from  as  man3^ 
different  engines,  and  lines  were  drawn  to  represent  the  aver- 
age and  extremes  of  practice.  The  equations  of  these  lines  give 
values  of  the  constant  C  for  the  average  and  the  extremes  of 
practice.  The  values  of  the  constants  as  thus  obtained  are  C= 
7.56  for  the  mean  ;  and  C=5.98,  and  0  =  8.76,  for  the  minimum 
and  maximum,  respectively. 

In  Un win's  Machine  Design  (Part  I,  page  225),  a  similar 
formula  is  given,  with  the  value  of  C  assigned  as  4.55.  This  is 
for  marine  engine  practice,  and  it  serves  to  show  that  we  must 
design  the  smaller  high-speed  engines  on  the  basis  of  high-speed 
engine  experience. 

Many  other  examples  could  be  cited  to  show  that  any  par- 
ticular constant  will  not  give  satisfactory  results  under  widely 
varying  conditions  ;  but  the  limits  of  the  present  paper  do  not 
permit  further  extension,  even  if  such  comparisons  were  within 
its  scope.  The  above  example  of  the  crank-shaft  is  introduced 
simply  as  an  illustration.  It  may  be  said  in  passing,  however, 
that  the  above  mean  value  of  the  constant  for  crank-shafts 
represents  very  satisfactorily  the  practice  of  many  leading  build- 
ers; while  in  the  examination  of  other  proportions,  as  crank- 
pin  diameters,  no  such  general  agreement  was  discovered. 

An  investigation  is  now  under  way  upon  the  proportions 
of  slow-speed  stationary  engines,  and  further  work  of  a  similar 
character  is  contemplated  on  other  classes  of  machinery. 

It  is  gratifying  to  report  that  a  large  number  of  the  most 
progressive  builders  have  co-operated  cordially  in  this  examina- 
tion of  the  current  practice  in  engine  construction.  The  spirit 
shown  is  in  marked  contrast  to  that  prevalent  afew  years  ago, 
and  it  is  encouraging  to  the  young  engineer  as  he  enters  the 
profession,  to  feel  that  his  older  associates  are  not  all  bent  upon 
keeping  from  him  the  trade  secrets.  Of  course  each  manufac- 
turer has  much  information,  acquired,  perhaps,  by  expensive 
experiment,  which  he  must  guard  out  of  self-protection ;  but 
the  observing  ^^oung  engineer  of  today,  who  shows  a  proper 
regard  for  the  rights  of  others,  has  great  opportunities. 
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a  case  in  which  an  alternating 
direct  incandescent  light  circuit. 


DIRECT  AND  ALTERNATING  ELECTRO-MOTIVE 
FORCES  IN  SERIES. 

BY  HORACE  T.  EDDY,  B.  E.  E. 

About  a  year  ago,  the  attention  of  the  writer  was  called  to 

e.  ra.  f.  was  superposed  on  a 
The  brightness  of  the  light 
was  not  increased  verv' greatly 
by  the  addition  of  an  alternat- 
ing e.  m.  f.  of  about  half  the 
voltage  of  the  direct  current. 

On  measuring  with  an  al- 
ternating voltmeter  the  e.  m.  f. 
of  such  pulsating  currents 
formed  b\'  superposing  an  al- 
ternating on  a  direct  e.  m.  f.,  it 
w^as  found  that  an  alternating 
e.  m.  f.  of  considerable  voltage 
did  not  greatly  increase  the 
voltage  of  the  direct  current. 

In  order  to  compute  the  ef- 
fective e.  m.  f.  of  such  a  pulsat- 
ing ciirrent,  let  AB  in  Fig.  1 
represent  the  magnitude  of  the 
direct  e.  m.  f.,  CD  the  maxi- 
mum value  of  the  alternating 
e.  m.  f.,  and  EF  the  e.  m.  f.  of 
the  pulsating  current  at  any 
instant,  supposing  the  alter- 
nating e.  m.  f.  to  be  simply  periodic. 

The  reading  on  an  alternating  voltmeter  is  the  square  root 
of  the  mean  square  of  the  instantaneous  values  of  the  e.  m.  f. 
Wheq^applied  to  a  simple  alternating  current  whose  maximum 
value,  CD,  isj[equal  to  a,  the  reading  of  the  voltmeter  is  a  divid- 
ed by  s^/Y.  This  quantity-  is  positive  during  one  half  of  the 
alternation  and  negative  during  the  other  half:  consequently, 
when  it  is  superposed  on  a  direct  e.  m.  f.  it  increases  it  dur- 
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ing  one  half  of  an  alternation  and  decreases  it  during  the  other 
half.  This  is  shown  in  the  figure  by  the  fact  that  the  ordinate, 
EF,  is  greater  than  AB  during  one  half  of  the  time  and  less 
than  AB  during  the  other  half. 

Now  the  effective  e.  m.  f.,  ~y  of  a  pulsating  current  is,  as 
before  stated,  the  square  root  of  the  mean  square  of  the  instan- 
taneous values,  y  of  the  e.  m.  f.  To  compute  the  numerical 
value  of  —y  we  have  the  expression —  i 

_  ,  |(b  +  asin.x)dx       To  be  taken  between  the 

~~y'^  —  ^         Tdx  limits  0  and  2 -. 

-y2  —  i_  [b2  jdx  +  2ab  Jsin.  xdx  +  a^  fsin.Sxdx] 

-y2  =  b2  +  ^ 

Let  us  illustrate  this  result  by  the  case  in  which  a^lOO  and 
fe=:100  volts.  The  reading  of  the  alternating  voltmeter  for 
a  =  100  will  be  100-4-v/2  =  70.7,and  the  reading  for  the  pulsat- 
ing current  will  be  Viob^  +  TO.T^  =  122.5  volts. 

The  relation  between  the  pulsating,  alternating,  and  direct 
voltages  can  be  shown  best  graphically.  Call  the  voltage  of 
the  alternating  e.  m.  f.  — x. 

Then  -x2  =  ^^  ;  hence  -y2_-x2  =  b2, 

which  is  the  equation  of  a  rectangular  hyperbola  as  shown  in 
Fig.  2,  in  which  OB  =  h. 

It  is  possible  to  use  a  figure  like  this,  drawn  on  cross-sec- 
tion paper,  instead  of  a  table,  to  find  the  voltage  of  a  pulsating 
current  arising  from  the  superposition  of  alternating  and  direct 
voltages  of  any  magnitude,  for  we  can  write  the  equation, 

-v2        -x2 


62  62 

"X 


=  1 


Then  if  we  take    ,    ,    the  ratio  of  the  alternating  to  the  direct 

e.  m.  f.,  as  the  abcissa  of  any  point  of  the  curve,  the  correspond- 

— v 
ing  ordinate  is  -^,    the  ratio  of  the  pulsating  to  the  direct  volt- 
age, provided  OB  is  taken  as  unity.    But  the  equation  cant  also 

be  written  in  the  form  ---g 2  ~'^-    ^^  "^^  ^^  ^^  taken  as 

unity,  ::7-,  the  ratio  of  the  direct  to  the  alternating  e.  m.  f.'s,. 
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— V 
will  be  the  abscissa  and  --,  the  ratio  of  the  pulsating  to  the  al- 
ternating voltages,  will  be  the  corresponding  ordinate  to  the 
curve  at  an\'  point.  We  can  thus  read  the  voltage  of  the 
pulsating  current,  whether  the  direct  voltage  is  greater  or  less 
than  the  alternating. 

The  simplest  method  of  obtaining  the  pulsating  e.  ni.  f.  is 
to  lay  off  the  direct  and  alternating  A'oltages  at  right  angles  on 
any  scale.  The  hypothenuseof  the  triangle  with  these  voltages- 
as  sides  will  be  the  effective  e.  m.  f. 
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THE  PRINCIPLES  OF  ARTIFICIAL  LIGHTING 

BY   PROFESSOR   GEO-   D.    SHEPARDSON. 

Artificial  lighting  may  be  considered  under  two  classes,  ac- 
cording as  the  object  sought  is  illumination  appearance  or  il- 
lumination. In  one  case  it  is  desired  to  see  the  lights  them- 
selves. In  the  other  case  the  objects  illuminated  by  the  lights 
are  observed.  For  light-houses,  beacons,  and  some  sorts  of  ad- 
vertising, it  is  desired  to  have  the  lights  themselves  conspicu- 
ous. For  many  other  purposes,  such  as  lighting  reading  desks, 
pictures,  and  work-benches,  illumination  is  desired  rather  than 
illumination  appearance.  Forsome purposes,  both  illumination 
and  illumination  appearance  are  desired,  as  for  show-window, 
advertising,  lighting  ornamental  stairways  and  halls,  or  prin- 
cipal streets. 

Illumination  appearance  is  obtained  by  making  the  sources 
of  light  conspicuous.  Familiar  examples  in  Minneapolis  are 
the  circles  of  lights  on  the  towers  above  the  Glass  Block  and 
Olson's,  the  incandescent  crosses  on  the  tower  of  the  Wesley 
Methodist  Church,  the  rows  of  incandescent  lamps  along  the 
cornice  of  the  Plymouth  and  the  head-light  above  the  Metropoli- 
tan Theatre.  A  variation  is  in  the  use  of  rows  of  incandescent 
lamps  forming  letters  for  advertising  purposes,  such  as  the 
signs  on  the  Bijou  and  Metropolitan  theatres, the  mammoth  Cer- 
esota  sign  above  one  of  the  flouring  mills,  and  similar  temporary 
signs  used  during  the  holidays  and  other  festival  seasons. 

A  class  of  lighting  that  might  be  considered  as  being  illum- 
ination or  illumination  appearance  or  both,  is  the  ligh  ting  of 
translucent  signs  such  as  are  numerous  on  anj'  of  the  business 
streets,  the  real  source  of  light  being  concealed  in  a  translucent 
enclosure. 

Illumination  combined  with  illumination  appearance  is  de- 
sired in  many  cases.  Here,  again,  the  advertiser  has  developed 
excellent  examples,  such  as  the  rows  of  arc  lamps  along  the 
sidewalks  around  the  Glass  Block,  the  Syndicate  Block,  and  the 
Plymouth.  The  arcs  call  attention  from  a  distance  and  also 
light  the  store-fronts,  being  behind  passers-by  on  the  sidewalk 
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and  high  enough  not  to  interfere  serioush*  with  the  \-iew  of 
those  in  carriages  Fanc\'  designs  in  store  windows  also  serve 
the  double  purpose,  when  the  lights  themselves  are  not  too 
brilliant,  as  when  colored  or  frosted  lamps  are  used.  An  excel- 
lent combination  of  illumination  and  appearance  is  found  in  the 
street  cars.  The  lights  near  theceiling  give  perfect  illumination 
to  those  within  the  car,  and  also,  by  shining  through  the  trans- 
lucent signs,  indicate,  to  those  outside,  the  line  to  which  the  car 
belongs. 

For  lighting  interiors  of  buildings,  especialh'  corridors  and 
halls  with  high  ceilings,  excellent  effects  nia\-  be  produced  by 
combining  illumination  with  illumination  appearance.  The 
rotunda  of  the  New  York  Life  building,  and  the  main  entrance 
to  the  Lumber  Exchange,  are  examples  where  the  arrangement 
of  lights  attracts  attention,  and  yet  the  illumination  is  good. 
The  chapel  at  theUniversit^^and  the  lower  rooms  in  the  Phoenix 
Block  also  illustrate  satisfactory-  illumination  for  desk  work, 
combined  with  striking  illumination  appearance  for  general 
effect. 

Illumination  appearance  is  often  unintentionally  and  unde- 
sirably obtained,  when  onl\'  illumination  is  desired.  In  other 
cases,  a  certain  amount  of  illumination  appearance  is  desired, 
but  too  much  is  secured. 

Illumination  without  illumination  appearance  is  found  in 
diffused  daylight.  The  prime  source  of  light,  the  sun,  is  not 
seen,  but  the  light  is  evenh'  distributed  in  all  directions.  The 
ideal  of  artificial  illumination  is  to  approach  sunlight. 

The  distinction  between  illumination  and  illumination  ap- 
pearance, is  not  as  well  or  as  commonK'  understood  as  it 
should  be,  and  frequent  blunders  are  the  result.*  For  instance, 
the  ambitious  country  town  insists  on  having  its  streets  lighted 
by  brilliant  arc  lamps,  in  order,  thereby',  to  obtain  a  certain 
metropolitan  aspect.  Arc  lamps  are  excellent  for  street  light- 
ing if  placed  not  further  than  one  or  two  blocks  apart  and  if 
twenty -five  to  thirty-five  feet  above  the  level  of  the  roadway. 
But,  with  the  not  infrequent  practice  of  hanging  them  eighteen 
to  twenty  feet  above  the  roadway  and  long  distances  apart, 
the  lamps  serve  as  beacons,  to  indicate  directions  and  to  blind 
persons  in  the  streets,  more  than  as  sources  of  illumination. 


*See  paper  by  A.  Sclieible  on  Illtiinmation  vs.  Glare,  A'.  1'.  Elec.  Eng.,  Vol. 
XX..  pajaje  565,  Dec.  11,  1895. 
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An  equal  amount  of  money  spent  in  erecting  and  operating  a 
much  larger  number  of  smaller  lights,  placed  at  shorter  inter- 
vals, would  better  serve  the  purpose  of  lightmg  the  roadway 
with  some  uniformity  and  of  enabling  persons  to  see  the  way 
clearly  and  safel3^  For  lighting  streets  and  passage-ways,  one 
needs  illumination  rather  than  illumination  appearance.  Simi- 
lar considerations  generally  hold  true  for  architectural  lighting. 
One  should  recognize  distinctly  the  effect  sought  and  then  con- 
sider carefully  the  best  means  of  obtaining  it. 

Having  recognized  the  two  more  or  less  distinct  classes  of 
lighting,  the  principles  to  be  followed  for  obtaining  satisfactory 
results  are  not  difficult  to  discern. 

For  illumii;iation  appearance,  the  sources  of  light  should  be 
conspicuous.  If  dazzling  effects  are  desired,  nothing  can  be 
more  satisfactory  than  arc  lights,  either  with  clear  glass  globes 
or  with  no  globes.  Calcium  or  magnesium  lights  are  more 
troublesome  and  expensive  in  maintenance,  but  may  be  used  in 
some  places.  Blinding  effects  may  be  enhanced  by  the  use  of 
parallel  beams  of  light  from  electric  search  lights  of  fabulous 
candle-power.  When  a  general  blaze  of  light  is  desired,  large 
and  numerous  gas  flames  and  fireworks  have  a  field  almost 
their  own,  although  the  equally  liberal  use  of  arc  lamps  with 
ground  or  opal  globes,  or  of  incandescent  electric  lamps,  gives 
magnificent  effects.  Witness  the  profusion  of  light  on  parts  of 
Nicolletand  Wabasha  Avenues,  or  the  principal  shopping  streets 
of  other  large  cities,  also  the  display  illumination  appearance 
at  exhibitions  and  fairs  in  cities. 

A  quite  different  class  of  illumination  appearance,  such  as  is 
required  for  illuminated  signs,  where  the  lights  trace  letters  or 
other  outlines,  involves  the  use  of  comparatively  large  numbers 
of  smaller  and  less  intense  lights,  so  arranged  as  to  give  the  im- 
pression of  being  continuous  lines  of  light.  For  such  lighting, 
gas  is  suitable  only  in  places  free  from  excessive  wind  and  from 
the  presence  of  inflammable  substances.  Incandescent  lamps 
with  either  clear,  frosted  or  colored  globes,  are  peculiarly  adapt- 
ed for  such  lighting.  A  convenient  method  is  to  mount  the 
lamp  sockets  in  any  desired  position  upon  a  screen  of  wire  net- 
ting. 

The  principles  involved  in  securing  satisfactory  illumination 
with  absence  of  illumination  appearance  are  quite  simple,  al- 
though not  always  recognized,  and  although  sometimes  diffi- 
cult to  apply  in  practice.     The  ideal  is  to  keep  the  source  of 
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light  unseen,  while  the  objects  of  view  are  sufficienth'  and  even- 
ly lighted.  The  eye  sees  A^arious  objects  bv  means  of  the  light 
coming  from  those  objects.  If  the  light  from  the  object  is  weak, 
the  eve  does  not  receive  sufficient  light  to  form  distinct  images. 
If  the  object  is  too  light,  the  eA'e  partialh'  closes  to  protect  it- 
self. Two  similar  objects  may  be  illuminated  with  equal 
amounts  of  hght,  but  if  one  is  in  the  neighborhood  of  other  ob- 
jects more  strongly  illuminated,  or  if  a  strong  source  of  light 
comes  within  the  angle  of  vision,  the  object  with  more  strong- 
Iv  lighted  surroundings  will  be  less  distinctly  seen  than  the 
other  one  equally  bright  but  with  a  darker  background.  If 
strong  lights  are  in  the  field  of  view,  the  iris  of  the  eye  closes  so 
as  to  limit  the  total  amount  of  light  received.  This  automatic 
protective  device  regulates  the  opening  of  the  curtain  so  as  to 
cut  the  maximum  light  down  to  that  required  b^-  the  eye ;  con- 
sequently the  light  from  all  objects  less  bright  is  reduced  in  the 
same  proportion. 

What  constitutes  sufficient  light  depends  both  upon  the 
purpose  of  the  lighting  and  the  disposition  of  the  sources  of 
light.  If  the  lights  are  arranged  to  the  best  advantage,  being 
suitably  distributed  and  not  being  seen  themselves,  satisfaction 
is  obtained  if  the  illumination  is  equal  to  tliat  given  by  one 
■candle  at  distances  indicated  in  the  following  table:* 

Street  pavements  or  sidewalks 10  feet. 

Walls  of  baildings 8 

Public  halls,  churches,  theatres,  etc.,  (general  hght),  3  to      5 

Workshops  (general  light) 5 

Work  benches 0.3 

Tables,  reading,  eating,  etc 0.3  to  0.5 

Corridors,  halls,  etc., 2.5 

Tyiving-rooms 2  to      4 

The  number  and  size  of  lights  required  to  give  sufficient 
illumination  w411  varA'  considerabl\%  being  affected  by  the  ar- 
rangement of  the  lights  and  by  reflection  from  walls,  ceiling 
and  objects  in  room.  If  the  sources  of  light  are  in  view  while 
one  is  reading  or  \yorking,  stronger  illumination  is  required 
than  if  the  lights  are  out  of  sight. 

For  obtaining  even  illumination,  one  of  the  first  requisites 
is  that  the  sources  of  light  shall  be  out  of  sight.  Unless  this  is 
secured,  the  iris  closes  so  as  to  accommodate  the  eye  to  the 
strongest  light  in  A-iew,  and,  consequently,  less  total  light  comes 


*See  paper  b\-  Richards  in  London  Electrical  Review,  Vol.  XXIX.,  p.  269, 
Sept.  4,  1891 ;  also  book  by  Webber  on  Science  and  Practice  of  Lighting,  p.  25. 
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to  the  eye  from  the  objects  of  vision.  The  field  of  vision  is  a  cone 
which  has  the  eye  for  its  apex  and  the  outer  edges  of  which 
make  angles  with  the  center  line,  varying  between  50°  and  95°. 
As  the  eye  changes  position  freqttentlj',  the  sources  of  light 
should  therefore  be  removed  outside  of  a  cone  considerably  larger 
than  the  angleof  vision  ;  otherwise  the  eye  would  be  continually 
accommodating  itself  to  widely  different  intensities  of  illumina- 
tion and  would  soon  tire. 

It  is  too  common  to  have  public  halls  and  churches  lighted 
in  such  a  way  that  one  can  hardly  see  the  speaker  or  performer 
without  squinting  between  or  under  lights  that  blind  rather 
than  illuminate.  A  common  source  of  difficulty  is  that  the 
lights  are  too  low.  They  should  be  high  enough  to  be  out  of 
the  angle  of  vision  of  the  majority  of  spectators.  Doubtless  the 
drowsiness  that  regularly  creeps  over  some  evening  audiences 
is  due  quite  as  much  to  the  brilliancy  of  the  lights  as  to  the  dull- 
ness of  the  speaker. 

Electric  lights  are  peculiarly  adapted  to  being  placed  high 
out  of  the  angle  of  vision.  Incandescent  lamps  may  be  stud- 
ded around  the  ceiling  or  along  the  edges.  Recently  it  has  be- 
come more  or  less  common  to  place  incandescent  lamps  behind 
a  translucent  cove,  or  above  projecting  cornices,  so  that  the 
lamps  themselves  are  entirely  invisible.  Another  plan,  used  to 
some  extent  with  both  arc  and  incandescent  lamps,  is  to  have 
reflecting  screens  beneath  the  lamps  so  as  to  throw  all  of  the 
light  upward  against  the  whitened  ceiling,  w^hich  becomes  a 
secondary  source  of  light.  When  arc  lamps  are  used  in  this 
way,  the  lower  carbon  is  made  positive,  so  that  the  crater 
throws  light  directly  upon  the  ceiling.  Lamps  thus  arranged 
give  an  evenly  diffused  daylight  effect  that  is  very  pleasing,  if 
made  strong  enough.* 

A  second  requisite  for  even  illumination  is  to  avoid  the 
regular  reflection  of  light  to  the  eye.  All  bodies  reflect  light, 
but  with  varying  intensity.  Polished  surfaces  usually  reflect 
regularly,  while  rough  surfaces  reflect  irregularly  or,  in  other 
words,  diffuse  the  light.  If  one  is  looking  at  a  polished  surface, 
it  is  desirable  that  the  source  of  light  be  so  placed  that  it  can- 
not be  regularly  reflected  to  the  eye  from  the  observed  surface. 
Otherwise  the  reflected  source  of  light  comes  within  the  angle 


•See  paper  by  B.  A.  Dobson  on  Artificial  Lighting  of  Workshops,  London 
Electrician,  Oct.  27  and  Nov.  3,  1893;  N.  Y.  Eke.  Eng.,  Vol.  XVI.,  pp.  513 
and  548;  also,  Dobson  in  Cassier's  Magazine,  Vol.  V.,  page  417. 
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of  vision.    Hence  the  familiar  rule  to  have  the  direct  light  come 
from  over  one's  shoulder. 

This  suggests  a  third  desirable  condition,  nameh',  that  the 
light  come  from  several  sources  or  from  one  source  of  large 
area.  By  spreading  the  source  of  light  over  a  large  area,  the 
resrularlv  reflected  lisrht  from  each  element  becomes  less  intense 
and  the  glare  is  correspondingh'  reduced.  For  this  reason  arc 
lamps  for  interior  lighting  often  give  much  better  satisfaction 
when  surrounded  b3'  opal  globes.  Although  the  opal  or  ground 
glass  globes  cut  off  about  half  of  the  total  light,  yet  the  appar- 
ent source  of  light  becomes  many  times  larger  and  regular  reflec- 
tion is  greath'  reduced.  Also,  if  the  lamp  comes  within  the 
angle  of  vision,  the  intensity-  of  the  source  of  light  is  greatly 
reduced,  so  that  even  with  less  total  illumination,  objects  are 
more  clearly  and  easilv  seen.  For  the  same  reason,  Welsbach 
incandescent  gas  lamps  are  much  more  comfortable  for  reading 
if  they  aresurroundedb^^  diffusing  globes.  Incandescent  electric 
lamps  also  give  a  softer  light,  when  close  to  one's  w^ork,  if  they 
are  in  porcelain  or  opal  globes. 

A  fourth  condition  of  satisfactory  illumination  is  not  to 
have  too  great  variations  in  the  illumination  of  different  parts 
of  the  same  area.  The  human  eye  was  made  for  long-distance 
vision*,  and,  w^hen  used  for  close  work,  such  as  reading,  it 
is  necessary  to  rest  it  occasionally  by  brief  glances  toward 
more  distant  objects.  If  the  illumination  at  a  distance  is  far 
less  than  that  close  by,  the  eye  must  constantly  change  the 
adaptation  of  the  iris  and  so  quickly  tire.  For  this  reason, 
reading  rooms  and  work-shops  should  have  a  good  general 
light  in  addition  to  the  special  lights  for  individual  desks  or 
tools. 

When  illumination  appearance  is  desired  as  well  as  illumin- 
ation, tw^o  plans  may  be  followed.  Have  the  lights  bright  and 
arranged  in  striking  positions,  but  so  as  to  be  out  of  the  angle 
of  vision,  for  instance,  ceiling  lights  or  arc  lamps  on  sidewalk. 
Or,  if  the  lamps  are  necessarily  within  the  angle  of  vision,  have 
numbers  of  dim  or  diffused  sources  of  light,  so  that  no  intense 
light  ma\'  come  from  any  particular  spots. 

The  foregoing  are  a  few  of  the  principles  to  be  observed  in 
securing  satisfactory-  artificial  lighting.     Electric  lights  have 


*See  paper  on  Teleopsis,  Deaisons'  Quarterly,  Vol.  II.,  page  41,  1894. 
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great  advantages  over  other  illuminants*,  and  render  possible 
certain  styles  of  lighting  that  are  greatly  in  advance  of  earlier 
methods.  Further  suggestions  for  applying  the  principles 
above  noted  may  be  found  in  the  excellent  treatises  of  Palazt 
and  Webber^. 

*See  paper  bv  Geo.  D,  Shepardson  on  Some  Advantages  of  Electric  Light, 
read  before  Minnesota  chapter  of  American  Institute  of  Architects;  Improve- 
ment Bulletin,  Vol.  6,  No.  20,  April  17,  1896. 

tPalaz,  Industrial  Photometr\^-  especially  Chap.  6  on  Distribution  and 
Measurement  of  Illumination. 

i Webber,  Science  and  Practice  of  Lighting. 
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ELEMENTS  OF  METHODS  OF  METAL  MINING,  BASED 
UPON  LAKE  SUPERIOR  PRACTICE. 

BY  PROFESSOR  F.  W.  DEXTON. 

Mining  operations  may  be  divided  in  a  broad  and  general 
way  into  two  classes.  The  first,  technically  called  "prospect- 
ing," has  as  its  object  the  discovery  of  a  marketable  deposit  of 
mineral,  and  includes  the  determination  of  the  size,  shape,  qual- 
ity', and  other  characteristics  of  the  deposit.  The  second  class 
of  operations  is  devoted  to  the  removal  of  the  deposit  from  its 
position  in  the  earth  to  the  surface,  where  it  passes  from  the 
hands  of  the  miner  to  those  of  the  ore-dresser,  metallurgist  or 
salesman.  It  is  only  with  a  part  of  the  second  class  of  opera- 
tions that  this  paper  has  to  do. 

In  order  to  lift  the  mineral  to  the  surface,  it  is  first  necessary 
to  establish  wa3'S  of  communication  between  the  surface  and 
the  deposit.  Thesearetechnically  termed  "shafts"  and  "adits,"* 
and  as  they  may  be  arranged  in  several  wa^'s,  are  expensive  to 
establish,  and  must  be  maintained  until  the  deposit  is  exhaust- 
ed, their  location  will  depend  upon  a  variety  of  considerations. 
This  first  step  in  the  removal  of  the  mineral  to  the  surface  is 
of  such  importance  as  to  usually  require  a  special  study.  It  is 
called  in  the  text-books  the  "Winning  of  the  Deposit"  or  the 
"Preparatory  Work."  To  obtain  a  large  daily  output,  it  is 
necessary  to  make  connections  with  the  deposits  at  numerous 
points.  This  is  done  b^-  making  side  or  branch  connections 
with  the  deposit  from  one  or  more  main  lines  of  communication 
with  the  surface.  Additional  points  from  which  the  deposit 
ma^'  be  attacked  are  established  b\'  extending  these  branch  con- 
nections into  and  through  the  deposit  itself. 

As  a  result  of  the  preparatory-  work  the  deposit  becomes 
divided  into  a  series  of  stories  or  blocks.  If  the  deposit  be  nar- 
row, as  it  usually  is  in  native  metal  mines,  there  will  be  one 
main  driftt  for  each  stor\- ;  but  if  wide,  as  in  the  case  of  some 

*Shafts  are  vertical  or  steeph-  inclined  openings.      Adits  are  horizontal 
openings  connecting  directly  with  the  surface. 

fMain  drifts  are  the  horizontal  openings  made  at  the  bottom  of  each  story 
and  used  as  main  roads  to  connect  with  the  shafts  and  adits. 
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iron  ore  deposits,  or  if  in  the  form  of  large  beds  as  on  the  Mesabi 
iron  range,  there  will  be  a  number  of  main  drifts  parallel  or  at 
various  angles  with  one  another  at  the  bottom  of  each  block 
or  story.  When  connection  with  the  surface  has  been  estab- 
lished and  the  deposit  has  been  penetrated  by  one  or  more  se- 
ries of  these  main  drifts,  the  actual  work  of  removal  begins  and 
is  called  "the  exploitation"  of  the  deposit,  and  the  system  of 
exploitation  followed  is  commonly  known  as  the  "Method"  or 
"System  of  Mining."  It  is  the  object  of  this  article  to  describe 
this  part  of  the  work  of  the  removal  of  the  deposit,  and  the 
considerations  which  should  influence  the  establishment  of  a 
method  of  mining. 

Every  method  of  mining  must  provide  for  the  following 
operations: 

1st.  Breaking  the  ore,  which  includes  the  driUing  and 
blasting. 

2nd.  Filling  or  maintaining  the  cavities  formed  by  the  re- 
moval of  the  ore. 

3d.  Transporting  the  ore  to  a  shaft  or  some  other  connec- 
tion with  the  surface. 

The  order  in  which  these  operations  have  been  named  indi- 
cates their  relative  importance  and  also  their  relative  cost. 

BREAKING  ORE. 

This  is  usually  accomplished  by  drilling  holes  in  the  solid 
ore,  into  which  dynamite  or  other  explosives  is  placed  and  fired. 
The  efl[iciency  of  the  operation  is  measured  by  the  number  of 
tons  of  ore  satisfactorily  broken  per  dollar  expended  for  the 
labor,  drilling,  and  explosives  necessary.  This  efficiency  will 
be  a  minimum  when  there  is  but  one  "free  face",  and  therefore 
only  one  direction  in  which  the  force  of  the  explosive  can  act, 
and  when  that  direction  is  upwards.  The  conditions  of  mini- 
mum efficiencj^  for  any  given  material  occur  in  sinking  vertical 
shafts.  The  conditions  of  maximum  efficiency  are  several  "free 
faces",  large  blasts,  and  an  opportunity  for  the  force  of  gravity 
to  have  its  fullest  effect.  Intermediate  conditions  will  give  in- 
termediate efficiencies. 

The  blocks  or  stories  formed  by  the  preparatory  work  are 
always  mined  in  descending  order;  that  is,  the  top  block  will 
be  completely  removed  before  the  second,  and  the  second  before 
the  third,  etc.  The  work  of  removal  may  be  going  on  simul- 
taneously in  several  stories,  but  the  top  story  will  always  be 
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the  most  nearh'  mined  out.  This  is  a  natural  order,  since  work 
will  beo^n  first  at  the  top  of  a  deposit  considered  as  a  whole, 
and  therefore  work  should  end  there  first.  This  order  is  also 
the  best  one  for  thecommon  systemsof  mining,  and  is  absolute- 
1\'  necessan.'  in  those  systems  which  include  the  complete  re- 
moval of  any  individual  block  of  ore,  since  such  removal  will 
destrov  the  drifts  at  the  bottom  of  the  block  next  above.      The 


Pl.\te  I. — View,  trom  the  surtace,  ot  the  Auburn  jron  mine  on  the  Mesabi  range, 
showing  the  miners  at  work  "underhand  stoping"  or  blasting  the  ore  into  open- 
ings (raises)  which  connect  with  drifts  in  the  ore  bodv,  which,  in  turn,  connect 
with  a  shaft  not  appearing.  The  ore  lies  near  the  surface  and  is  first  stripped  of 
its  covering. 

individual  blocks,  however,  ma\'  be  mined  from  the  bottom  up 
or  from  the  top  down. 

The  first  method  of  breaking  ore  to  be  described  is  termed 
^'stoping"*  and  the  place  where  stoping  is  carried  on  is  called  a 

*  Bv^  stoping  is  meant  removing  ore  in  horizontal  slices  which  are  usually 
about  eight  teet  thick ;  either  the  top  or  bottom  of  the  slice  is  a  "free  face." 
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"stope."  If  stoping  is  begun  at  the  top  of  a  block  it  is  called 
"underhand  stoping"  and  if  it  is  begun  at  the  bottom,  "over- 
hand stoping."  In  both  cases  it  is  necessary  to  make  a  vertical 
cut  or  opening  from  which  to  begin  stoping.  In  overhand  stop- 
ing, the  opening  is  begun  at  the  bottom  of  the  block  and  is 
called  a  "raise",  and  may  be  extended  to  the  level  above,  in 
which  event  it  would  be  called  a  "winze."*  Overhand  stopes 
are  seldom  carried  at  once  to  the  top  of  the  block,  but  a  la\-er 
of  ore  from  five  to  fifteen  feet  deep  is  left  to  serve  as  a  floor  for 
the  levelf  above,  or  to  assist  in  keeping  the  walls  of  the  vein 
apart,  or  for  both  purposes.  This  layer  is  known  as  the  "floor 
pillar."  Small  openings  are  blasted  through  these  floor  pillars 
at  intervals  to  secure  ventilation  in  the  stope.  These  openings 
may  also  be  used  as  a  means  of  getting  to  and  from  the  stope, 
and  as  passages  for  air  pipes,  etc.  The  ore  left  in  the  floor  pil- 
lars may  be  subsequently  wholly  or  partly  stoped,  or  may  be 
abandoned  entirely. 

In  underhand  stopes,  the  vertical  opening  from  which  stop- 
ing begins  may  be  driven  from  the  top  down,  in  which  case  it  is 
said  to  have  been  "sunk",  or  it  may  be  raised  as  in  overhand 
stoping.  Raising  would  be  practiced,  if  possible,  as  it  is  cheaper 
than  sinking,  since  gravity  favors  in  one  case  and  opposes  in  the 
other.  In  any  event  the  raise  or  sink  will  usually  become  a 
winze  to  permit  sending  the  broken  ore  to  the  lower  level  and 
thus  savetheextra  handling  necessarj'-toget  the  broken  ore  into 
cars  on  the  upper  level. 

Of  the  two  methods  of  stoping,  overhand  stoping  will  give 
the  greater  eflicienc^^  since  gravity  has  full  plaj'.  Another  im- 
portant difference  is,  that  in  overhand  work  the  broken  ore 
may  be  left  in  the  stope  to  keep  the  w  alls  from  caving  and  also 
to  serve  as  a  support  for  the  miners  and  drilling  machines.  In 
underhand  stoping  the  ore  must  be  moved  as  fast  as  it  is  broken, 
as  otherwise  the  solid  ore  would  soon  be  covered  by  the  broken 
ore.  This  results  in  the  formation  of  a  large  cavity  above  the 
miners,  which  is  always  objectionable.  Such  a  place  cannot  be 
examined  readily  for  loose  pieces  of  hanging  wall  rock  which 
are  always  the  most  common  source  of  accidents.  If  the  upper 
level  is  to  be  used  a  timber  floor  must  be  put  in.  Underhand 
stoping,  therefore,  is  used  only  to  a  very  small  extent.  It  is 
employed  for  removing  the  floor  and  other  pillars  left  by  the 

*A  winze  is  a  vertical  or  inclined  opening  connecting  two  main  drifts. 

f'Level"  is  S3'nonymons  with  main  drift. 
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first  overhand  slope  and  in  open-pit  mining.   Nearly  allstoping 
is  carried  on  overhand. 

Plate  I  is  a  surface  viev\'  of  the  .\uburn  mine  of  the  Minne- 
sota Iron  Company  on  the  Mesabi  range.  The  deposit  is  first 
stripped  of  its  covering  and  then  by  underhand  stoping  blasted 
and  allowed  to  run  into  raises  placed  sixty  to  eighty  feet  apart. 
The  raises  are  about  sixty  feet  deep  and  connect  with  drifts 


Plate  11. — View  in  a  drift  at  the  top  of  a  raise  in  the  East  End  mine  of  the  Pittsburg 
&  Lake  Angeline  Iron  Mining  Company  at  Ishpeming,  Michigan.  A  layer  of  ore 
has  been  left  above  the  drift,  and  the  miners  are  preparing  to  blast  it  down.  At 
the  right  is  shown  solid  ore,  and  at  the  back  the  caved  ground  which  follows  the 
miners  down  as  they  remove  the  ore. 

which  in  turn  connect  with  an  inclined  double  skip  shaft.    This 
method  of  mining  is  known  locally  as  the  "milling"  S3'stem. 

The  second  method  of  breaking  ore  is  known  as  "drifting," 
and  consists  in  "drifting"  or  driving  comparativeh'  small  hori- 
zontal openings  into  the  ore.  The  openings  formed  are  termed 
"drifts."  The  first  drifts  made  in  a  block  of  ore  have  but  one 
free  face  and  since  the  opening  is  horizontal,  gravitj'  is  almost 
neutral,  neither  assisting  nor  retarding  the  work.  Therefore, 
for  any  given  ore,  the  eflScienc3'  of  drifting  will  be  less  than  that 
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of  stoping,  and  greater  than  that  of  sinking.  If  a  second  drift 
be  made  adjacent  to  the  first,  there  will  be  two  free  faces  in  this 
second  drift,  and  other  conditions  remaining  the  same,  the  effi- 
ciency of  the  second  drift  will  be  considerably  greater  than  thcit 
of  the  first.  Drifting  with  one  side  of  the  drift  free  is  termed 
"slicing."  If  directly  under  a  series  of  drifts,  no  ore  being  left 
between,  other  drifts  be  run,  these  lower  drifts  will  have  the 
top  free  and  some  of  them  one  side  as  well.  In  the  last  case 
the  efficiency  will  be  further  increased  to  a  small  extent.  Where 
the  drifting  method  is  used  in  breaking  a  block  of  ore  all  of  the 
preceding  conditions  are  "met  with  and  the  efficiency  of  the 
w^hole  work  will  depend  upon  the  relative  amounts  of  favorable 
and  unfavorable  conditions. 

A  third  and  last  method  of  breaking  oreis  termed  "caving." 
The  principle  in  caving  is  to  undercut  or  undermine  a  body 
of  ore  until,  no  longer  able  to  support  itself,  it  falls  or  caves, 
and  in  falling  becomes  broken  up,  thus  accomplishing  the  re- 
sults ordinarily  obtained  by  driUing  and  blasting.  The  under- 
cutting is  usually  done  by  driving  a  series  of  drifts  in  the  bot- 
tom of  the  block  to  be  caved,  the  drifts  being  adjacent  to  one 
another,  or  with  small  pillars  of  ore  between.  When  undercut- 
ting has  progressed  far  enough  to  cause  the  overlying  ore  to 
show  signs  of  settling,  the  miners  will  be  taken  away  and  the 
ore  left  to  fall  as  it  will,  or  more  commonly  the  timber  and  pil- 
lars will  be  blasted  down  to  hasten  the  caving.  The  caving 
method  therefore,  involves  the  use  of  stoping  or  drifting  for  the 
undercutting.  In  practice  both  may  be  used,  although  caving 
is  usually  combined  with  drifting.  Its  efficiency  will  be  a  max- 
imum for  a  particular  ore  when  the  drifting  or  undercutting 
necessary  is  a  minimum. 

A  modification  of  this  method  is  much  used  in  mining  the  so- 
called  "soft"  hematite  ores.  Instead  of  undercutting  a  large 
block  of  ore  until  it  falls  by  its  own  weight,  a  small  block  is 
only  partially  undercut,  and  the  overlying  ore  is  blasted  down 
by  holes  drilled  into  it  from  the  drifts  below.  Gravity  is  thu& 
given  an  opportunity  to  assist  in  breaking  the  upper  portion 
of  the  block.  Plate  II  is  a  view  of  such  work  and  shows  the 
miners  in  the  act  of  drilling  an  "upper"  into  a  layer  of  ore 
that  has  been  left  above  the  drift  in  which  they  are  standing. 
This  modification  permits  of  moreregular  and  systematic  work,^ 
since  the  ore  is  brought  down  in  small  quantities  at  a  time 
and  the  fall  of  the  ore  is  more  under  the  control  of  the  miners. 
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It  is  less  efficient  than  the  first  method,  however,  and  is  only 
applicable  to  shallow  blocks.  Probabh-  not  more  than  ten  feet 
of  ore  over  the  drifts  can  be  advantageoush'  mined  in  this  way. 

Caving  hard  ground,  in  order  to  break  it  up  and  thus  avoid 
theexpense  of  drilling  and  blasting  or  filling  the  cavities  formed 
by  the  removal  of  ore,  has  reached  a  high  state  of  development 
in  the  Lake  Superior  region.  This  method  has  saved  many 
tons  of  good  ore  which  otherwise  would  have  been  lost,  owing 
to  the  greater  cost  of  removing  it  b^'  the  older  methods.  It  is 
applicable  even  to  the  hardest  ores  under  favorable  conditions. 
Unless  well  applied  however  it  may  cause  the  loss  of  consider- 
able ore.  Such  loss  is  usualh'  caused  by  the  upper  portion  of 
the  caved  ore  becoming  mixed  with  the  overh'ing  earth,  sand, 
or  barren  rock,  which,  of  course,  settles  or  falls  with  the  ore. 
When  the  block  of  ore  to  be  caved  is  thick,  the  overlying  rock 
weak,  and  there  is  nothing  between  the  rock  and  the  ore  to 
separate  them,  the  loss  from  this  cause  may  be  very  large.  If, 
however,  by  previous  work,  a  mattress  of  crushed  and  broken 
timber  has  been  formed  between  the  top  of  the  block  and  the 
overlying  rock,  the  loss  of  ore  from  mixing  may  be  no  greater 
than  in  other  methods  of  breaking. 

Of  the  three  methods  of  breaking  ore,  stoping,  drifting  and 
caving,  overhand  stoping  will  give  the  greatest  efficiency  if  we 
consider  only  the  breaking  of  the  ore.  This  is  especially  true  in 
the  case  of  ver3'  hard  ores  which  are  difficult  to  break,  and  with 
such  ores  the  method  of  breaking  is  the  most  important  factor 
in  the  system  of  mining.  The  greater  efficiency  of  stoping  be- 
comes less  marked  as  the  ore  becomes  softer,  and finalh' stoping 
ceases  to  be  applicable  to  very  soft  ores,  which  either  have  a 
tendency  to  run,  or  under  which  it  would  be  dangerous  for  men 
to  work.  In  soft  ores,  therefore,  drifting  is  used,  and  becomes 
the  only  practicable  way  of  removing  the  ore. 

For  ores  intermediate  between  very  hard  and  soft,  the  break- 
ing may  be  done  by  any  of  the  three  methods,  and  it  is  in  deal- 
ing with  ores  of  this  class  that  the  greatest  skill  and  experience 
are  called  for.  In  such  ores  the  superior^efficiency  of  stoping  is 
not  so  marked  that  the  breaking  of  the  ore  is  always  the  most 
important  factor  in  the  system  of  mining,  and  therefore 
efficiency  in  breaking  may  be  sacrificed  to  increase  the  efficiency 
somewhere  else.  The  efficiency-  of  caving  is  intermediate  be- 
tween that  of  stoping  and  drifting,  and  caving  is  used  chiefly  to 
reduce  the  cost  of  breakinsr  ore  when  the  conditions  are  unfav- 
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orable  for  stoping,  and  the  ore  hard  and  therefore  expensive  to 
drift  in . 

FILLING   AND   MAINTAINING  CAVITIES. 

The  removal  of  ore  produces  cavities,  or  chambers,  in  the 
deposit  which  must  be  taken  care  of  in  some  way,  for,  if  al- 
lowed to  increase  indefinitely,  Nature  will  surely  fill  them  event- 
ually ;  perhaps  by  sudden  and  extensive  caving,  which  would 
be  both  dangerous  and  costly. 

Cavities  are  filled  naturally  in  one  of  two  ways  :     Either  a 


Plate  III. — View  of  square  set  timbering  cut  by  machinery  and  formerly  used  in  the 
Lake  mine  of  the  Cleveland  Iron  Mining  Company  at  Ishpeming,  Michigan. 

large  mass  of  the  overlying  ground  settles,  filling  the  cavitj- 
completely,  or  comparatively  small  pieces  of  the  roof  and  walls 
fall  at  intervals  and,  by  accumulating,  eventually  fill  the  cavity. 
As  soft  and  hard  ores  may  occur,  surrounded  by  either  hard  or 
soft  ground,  the  treatment  of  cavities  formed  by  the  removal  of 
ore  may  become  a  difficult  and  important  matter. 

In  dealing  with  cavities  in  any  kind  of  material,  the  object 
should  be  to  make  them  as  self-maintaining  as  possible.  This 
is  accomplished  by  leaving  sufficiently  solid  side  walls  and  arch- 
ing the  back  or  roof     There  is  a  large  class  of  soft  grounds  in 
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which,  if  a  chamber  with  a  flat  roof  be  excavated,  the  roof  will 
fall  piece  b_v  piece  until  it  has  reached  an  arched  form,  and 
then  remain  intact  for  an  indefinite  period.  In  a  similar  man- 
ner it  is  possible  that  a  wide  drift  with  a  flat  roof  may  be  run 
in  a  soft  ore-body  with  safet\',  and  yet  after  the  drift  is  tim- 
bered, a  considerable  weight  may  be  brought  upon  the  timber 
b}'  the  settling  of  the  material  below  a  natural  arch  in  the  roof 
of  the  drift. 

Ground  is  strongest  usualh'  when  freshly  exposed,  which 


Plate  IV. — View  of  square  set  timbering  eraploj'ed  in  the  Calumet  and  Hecla  mines, 
Michigan.  The  original  negative  was  made  b3-  Mr.  J.  M.  Vickers,  of  Ishpeming, 
who  has  kindly  consented  to  its  reproduction. 


explains  why  flat  roofs  will  stand  for  a  while  and  then  fall.  If 
soft  ground  therefore,  is  to  be  left  unsupported  for  a  consider- 
able time  after  it  has  first  been  exposed,  the  roof  should  be 
arched.  Even  when  timbering  follows  closeh'  after  mining,  it  ma\' 
often  be  advantageous  to  arch  the  roof  to  avoid  pressure  upon 
the  timber.    It  is  bv  the  formation  of  these  natural  arches,  com- 
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bined  with  the  cohesive  strength  of  the  ground,  that  all  large 
cavities  are  maintained. 

A  simple  calculation  will  show  the  impossibility  of  support- 
ing ground  by  timber  alone  at  depths  of  several  hundred  feet 
below  the  surface.  The  maintenance  of  cavities  is  no  more 
difficult  at  depths  of  several  thousand  feet  than  at  depths  of 
three  or  four  hundred  feet.  In  fact,  the  greater  difficulty  is  likely 
to  be  experienced  near  the  surface,  owing  to  the.  presence  of 
water  and  lack  of  homogeneity  of  the  ground.  The  limits 
of  cavities  in  any  given  material  will  be  fixed,  therefore,  by 
the  self-sustaining  qualities  of  the  ore  and  the  surrounding 
ground,  and  when  these  limits  are  reached  the  cavity  must  be 
caved  by  the  blasting  of  the  roof,  filled  by  introducing  broken 
rock  and  sand,  or  simply  abandoned.  When  the  conditions 
render  caving  practicable,  this  method  of  dealing  with  cavities 
will  usually  be  followed  as  being  the  cheapest.  Caving  large 
chambers,  also  called  "rooms,"  is,  however,  more  or  less  uncer- 
tain in  its  results.  When  practiced,  the  caving  is  accomplished 
by  blasting  out  the  timbering  of  the  room  a  short  distance 
above  the  floor,  if  the  timber  shows  considerable  weight,  and  if 
it  does  not,  by  blasting  both  timber  and  roof.  If  the  cavity  is 
filled  with  broken  rock  or  sand,  the  filling  is  obtained  as  cheaply 
as  possible,  and  is  introduced  w^ith  a  minimum  amount  of 
handling. 

The  filling  material  may  be  obtained  from  the  surface,  or  it 
may  come  from  some  point  in  the  mine  where  the  rock  is  soft 
and  easy  to  blast.  If  the  hanging  wall  be  easy  to  break,  raises 
may  be  carried  up  into  it  dipping  45°  with  the  horizontal  and 
located  at  small  intervals  along  the  strike,  and  from  these  raises- 
rock  may  be  blasted  and  allowed  to  run  into  the  adjoiningcav- 
ity.  At  a  mine  in  Michigan,  sand  filling  is  obtained  on  the  sur- 
face close  to  the  shaft  and  carried  by  an  endless  rope  system  of 
haulage  to  the  top  of  the  shaft  where  it  is  dumped  into  a  large 
iron  pipe  which  deHvers  it  at  the  different  levels  in  the  mine, 
whence  it  is  trammed  to  a  raise  connecting  with  the  cavity  to 
be  filled.  If  the  conditions  allow  the  filling  material  to  be  ob- 
tained directly  at  the  top  of  the  raises  leading  to  the  places  to 
be  filled,  the  filling  method  of  dealing  with  cavities  may  be  the 
cheapest.  If,  however,  this  favorable  condition  should  not  ex- 
ist, or  if  it  be  necessary  to  pack  the  filling  close  to  the  top  of  the 
cavity,  or  for  any  other  reason  to  handle  it  extensively,  this 
method  may  become  too  expensive  to  be  used,  and  if  caving  be 
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impracticable  the  cavity'  must  simply  be  abandoned  as  soon  as 
the  natural  limits  are  reached.  If  abandoned,  the  walls,  which 
are  usually  composed  of  the  ore  or  valuable  mineral,  must  be 
abandoned  also,  and  unless  removed  by  subsequent  work  of  a 
different  nature  the  loss  from  this  source  ma^-  reach  as  high  as 
sixty  percent,  of  the  total  mineral.  Thus  far  it  has  been  as- 
sumed that  only  large  masses  were  to  be  dealt  with.  It  may 
also  be  necessar\'  to  support  small  pieces  that  have  become  de- 
tached from  the  roof  and  walls  by  blasting,  movement  of  the 
ground,  or  weathering.  This  kind  of  support  is  given  chiefly  by 
various  st3'les  of  timbering,  the  functions  of  w'hich  may  be 
classed  under  the  following  heads : 

First,  to  protect  men  and  to  maintain  openings  bj'  keeping 
back  loose  pieces  of  ground. 

Second,  to  act  as  a  staging  or  support  for  the  miners  and 
their  tools. 

Third,  to  give  w^aming  of  approaching  danger  from  caving. 

The  style  of  the  timbering  will  depend  upon  the  special  con- 
ditions of  each  mine.  The  common  forms  of  timbering  are 
known  as  props,  stulls,  cribbing,  square  sets,  and  drift  sets. 
Props  are  usually  temporary  timbers  used  for  holding  up  iso- 
lated pieces  of  loose  ground  while  the  main  timbering  is  being 
put  in,  or  the  ground  blasted;  the\'  are  generally  placed  verti- 
cally and  are  of  light  timber.  Stulls  are  large,  permanent,  care- 
fully fitted  timbers  that  are  used  to  support  isolated  pieces  of 
ground  that  have  been  exposed  by  the  removal  of  the  ore ;  thej- 
alwa3'S  extend  from  foot  to  hanging  wall,  and  are  placed  at 
angles  slighth'  above  the  perpendicular  to  the  plane  of  the  dip. 
If  the  ground  is  very  heav\'  these  stulls  may  be  placed  in  groups, 
called  "batteries".  In  setting  up  both  props  and  stulls  the 
pressure  upon  the  timber  should  be  uniformh-  distributed,  in 
order  to  get  the  maximum  resistance  from  the  timber  and  avoid 
splitting.  This  is  accomplished  by  the  use  of  wedges,  which  are 
tighth'  driven  between  the  ends  of  the  timber  and  the  rock.  If 
well  set  up,  stulls  will  not  fail  by  splitting  or  falling.  If  a 
battery  of  stulls  is  not  sufficient  to  keep  the  ground  up,  cribbing 
may  be  used.  Cribbing  consists  of  timber  from  6  to  12  inches 
in  diameter  and  6  to  20  feet  long,  piled  log-cabin  fashion.  The 
pile  is  made  at  right  angles  to  the  plane  of  the  dip,  and  if  the 
dip  is  steep  the  timbers  are  slightly  notched  or  spiked,  to  keep 
them  in  place  until  the  pressure  comes  upon  them.  This  sup- 
port is  made  man\-  times  stronger  by  tilling  the  interior  of 
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the  pile  with  broken  rock,  which  converts  it  into  an  artificial 
pillar.  If,  when  filled,  cribbing  will  not  hold  the  ground,  the 
case  comes  under  the  conditions  of  the  first  part  of  the  discus- 
sion of  cavities  and  must  be  handled  accordingly. 

When  the  vein  becomes  too  wide  to  permit  the  use  of  tim- 
bers extending  from  wall  to  wall,  or  when  the  whole  roof  needs 
support,  a  diiferent  style  of  timbering  is  used  and  is  known  as 


Plate  V. — The  view  is  taken  at  the  end  of  the  ninth  level  ol  the  Minnesota  hard  hem- 
atite mine  on  the  Vermilion  range.  The  first  "drift  stope",  18  feet  high  and  the 
full  width  of  the  deposit,  has  been  made,  and  drift  timbering  is  being  erected  to 
maintain  an  opening  through  the  fiUing  which  will  precede  the  taking  off  of 
another  stope  or  slice. 

"square  sets".  Square  sets  are  of  two  general  classes;  one 
having  the  main  timbers  alwa\'S  horizontal  and  vertical,  the 
other  having  them  parallel  and  at  right  angles  to  the  plane  of 
thedip.  Plate  III  shows  the  first  class.  Horizontal  timbers  are 
either  called ''caps",  if  they  are  all  alike,  or  "caps"  and  "studdles" 
if  of  two  kinds,  and  the  vertical  timbers  arecalled  "legs."  Plate 
IV  shows  the  second  class.  In  this  the  nomenclature  is  not  so 
simple  since  there  is  a  greater  variety  of  pieces  which  require 
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inaii\'  names  to  distinguish  them,  and  such  names  will  generally 
have  a  local  significance  only.  In  the  first  class  of  square  sets 
the  practice  on  Lake  Superior  is  to  leave  the  timbers  round. 
The  joints  are  generalh' cut  by  hand  although  one  ver\'  com- 
plete mill  has  been  erected  for  cutting  timbers  like  that  shown 
in  Plate  III.  The  style  of  joint  varies  at  each  mine,  the  chief 
difference  being  in  the  matter  of  tenons.  Some  have  tenons  on 
both  ends  of  the  legs,  some  on  the  bottom  or  top  only,  and 
some  have  no  tenons  at  all.  In  the  one  example  of  the  second 
class  of  square  sets  that  exists  on  Lake  Superior  shown  in  Plate 
IV,  the  timber  is  sawed  to  12x12  inches.  There  is  no  hard 
and  fast  rule  for  deciding  which  class  of  square  sets  should  be 
used.  Two  considerations  would  probabh*  influence  a  decision; 
first,  the  probable  direction  of  the  maximum  pressure  upon  the 
timber,  and  second  the  ease  of  fitting  the  timber  to  the  cavities 
formed.  It  is  impossible  to  predict  exactly  in  what  direction 
the  maximum  pressure  will  come,  but  if  we  have  a  hard  deposit 
20  to  40  feet  thick  and  dipping  at  an  angle  of  4-5°  or  less,  with 
a  weak  hanging  wall,  we  can  safeh'  saA"  that  there  would  be 
considerable  side  pressure  upon  a  vertical  system  of  timbering. 

To  fit  the  first  class  of  square  set  timber  between  parallel 
walls  dipping  at  45°  or  less  and  only  twenty  to  fort\'  feet  apart, 
a  great  deal  of  special  cutting  and  fitting  will  be  necessary  to 
make  a  good  contact  between  the  walls  and  the  timber.  On 
the  other  hand,  if  the  second  class  of  timber  is  used  for  such  con- 
ditions, the  fitting  will  consist  of  short  props  and  blocking  in- 
serted between  the  limits  of  the  regular  system  of  timber  and 
the  walls.  When  the  walls  are  not  well  defined  or  are  not  par- 
allel, and  the  cavity  is  wide,  and  both  top  and  side  pressure  are 
to  be  expected,  the  first  form  of  square  sets  will  be  employed 
with  the  addition  of  diagonal  bracing  placed  to  oppose  the  side 
pressure. 

Drift  sets,  as  the  name  implies,  are  used  to  support  ground 
in  drifts  and  usually  consist  of  three  pieces,  two  legs  and  a  cap. 
Formerly,  a  fourth  piece,  known  as  a  "sill"  or  "mud  sill,"  was 
used,  upon  which  the  legs  of  a  set  rested,  to  prevent  them  from 
sinking  into  the  bottom  of  the  drift.  At  present,  however,  sills 
have  practically  gone  out  of  use,  except  in  cases  of  very  soft 
ground,  it  having  been  found  that  legs  sawed  square  at  the  bot- 
tom stand  well  enough.  The  sills  were  placed  either  across  the 
drift,  the  two  legs  of  an 3'  one  set  resting  on  the  same  sill,  or  paral- 
lel to  the  sides  of  the  drift.     The  method  of  placing  the  sills  de- 
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pended  upon  the  method  of  supporting  the  tram  rails  and  of 
timbering  rooms  opened  out  from  the  sides  of  the  drift.  The 
joints  of  drift  sets  are  designed  to  suit  the  pressure  expected, 
which  may  come  from  the  top  or  side,  or  from  both  directions. 

For  main  drifts  or  levels,  which  must  be  maintained  for  a 
long  time,  the  largest  timber  available  is  often  used,  the  diam- 
eter varying  from  ten  to  thirty  inches.  Plate  V  shows  main 
drift  timbering.  For  smaller  and  secondary  drifts,  often  called 
sub-drifts,  and  for  drifts  used  to  extract  ore  only,  the  timber 
seldom  exceeds  nine  or  ten  inches  in  diameter.  The  pressure 
upon  the  caps  of  the  main  drift  sets  may  often  be  so  great  that 
considerable  timber  has  to  be  replaced  before  the  drifts  can  be 
abandoned.  It  would  seem  that  for  such  cases  the  use  of  iron 
or  steel  I  beams,  or  of  common  rails,  would  be  advantageous. 
These  iron  beams  will  support  a  great  deal  more  pressure  than 
the  timber  usually  available,  without  consuming  so  much  head 
room.  Such  iron  and  steel  beams  have  been  used  in  foreign 
countries  with  apparent  success.  In  all  kinds  of  timbering 
small  sticks  of  timber  called  "lagging"  may  be  placed  between 
the  heavy  timbers  and  the  ground  to  distribute  the  pressure, 
or  to  support  small,  loose  pieces,  that  otherwise  might  fall. 
Lagging  consists  either  of  natural  round  poles,  four  to  ten 
inches  in  diameter  at  the  butt,  or  of  such  poles  split  into  halves, 
and  extends  from  one  timber  to  the  next. 

The  first  object  of  timbering,  to  protect  the  men  and  main- 
tain the  cavities,  is  accomplished  by  some  of  the  ways  which 
have  just  been  briefly  described.  It  may  be  made  to  serve  as  a 
staging  for  the  miners  and  their  tools  by  the  addition  of  a  few 
planks  laid  across  the  timbers  or  spiked  to  them,  and  in  this 
way  its  second  object  is  accomplished.  The  third  object,  to  give 
warning  of  approaching  heavy  caving,  is  attained  by  erecting 
the  timber  in  such  a  manner  that  it  will  show  any  movement 
in  the  surrounding  ground.  To  do  this  there  must  be  as  many 
points  of  contact  between  the  timbering  and  the  surrounding 
ground  as  possible.  This  contact  can  be  best  obtained  by  the 
liberal  use  of  blocking  between  the  lagging,  or  the  main  timbers, 
and  the  ground.  If  large  cavities  occur  back  of  the  timber  they 
should  be  promptly  filled  with  cordwood  or  similar  material. 
Ground  rarely  falls  or  caves  without  giving  some  warning  by 
cracking,  moving,  or  spalling,  but  such  warning  can  easily  pass 
unnoticed  unless  the  timbering  is  affected.  Well  blocked  timber 
will  not  only  show  by  incipient  crushing  or  cracking  that  the 
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pressure  upon  it  is  increasing,  but  will  also  resist  such  increased 
pressure  longer  than  loosely  erected  timber. 

Dimensions  of  timber  naturally  vary  with  the  character  of 
the  timbering,  weight  to  be  borne  and  available  supply.  Props 
are  usually  small,  8  to  12  inches  in  diameter,  and  3  to  10  feet 
long,  and  of  any  kind  of  timber.  Stulls  ma^-  be  from  8  to  40 
inches  in  diameter  and  4  to  20  feet  long.    When  the  largest  diam- 


Plate  VI. — The  view  is  taken  in  the  Minnesota  mine,  on  the  Vermilion  range,  and 
shows  the  method  of  loading  cars  in  the  main  drift  at  the  bottom  of  the  filling. 
These  loading  chutes  are  established  at  intervals  of  25  to  40  feet. 

eters  are  needed,  the  weight  of  the  stull  becomes  an  import- 
ant factor  and  limits  the  kinds  of  timber  to  be  used  to  those  of 
low  specific  gravit}-,  usually  to  white  pine.  In  square  set  tim- 
bering the  diameter  of  the  timber  will  be  from  10  to  30  inches, 
with  an  average  of  about  14  to  16  inches.  As  previously  stat- 
ed, the  inclined  square  sets  described  are  made  of  sawed  lumber 
12x12  inches.  The  most  important  dimensions  in  square  set 
timber  of  any  kind  are  the  lengths  of  caps  and  legs.  These 
resrulate  the  size  of  a  set  of  timber  and  the  size  determines  the 
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number  of  tons  of  ore  procured  per  set  of  tiinber,  and  therefore 
the  cost  per  ton  for  timber.  Sets  are  generally  cubical  in  form, 
and  the  length  of  a  side,  center  to  center  of  timbers,  varies 
from  5  to  8  feet.  Five-foot  sets  will  displace  125  cubic  feet  each, 
or  7  tons,  allowing  18  cubic  feet  per  ton.  An  eight-foot  set, 
making  the  same  assumptions,  would  displace  about  28  tons 
with  the  same  number  of  joints  to  be  cut  and  only  a  small 
amount  of  additional  timber.  The  cost  per  ton  for  timber  of 
this  description  therefore  will  decrease  quite  rapidly  as  the  size 
increases.  Large  sets  require  ground  that  will  stand  well  while 
the  timber  is  being  erected,  and  are  more  difficult  to  handle  than 
the  small  sets.  Economy,  however,  has  encouraged  their  use 
and  the  modern  tendency,  although  against  the  square  set  sys- 
tem of  timbering  as  a  whole,  favors  the  large  sets  where  the 
system  is  still  employed.  If  properly  laid  out  and  executed, 
square  sets  are  reliable  and  economical  especially  for  the  so- 
called  "soft"  hematites  which  are  expensive  to  break  in  any 
way  except  by  overhand  stoping.  Cases  of  sudden  and  com- 
plete collapses  of  this  kind  of  timbering  have  given  it  a  reputa- 
tion for  treachery  which  is  not  altogether  warranted.  Theo- 
retical considerations  tell  us  that  such  timber  must  be  carefully 
erected,  and  that  it  is  strongest  when  in  perfect  alignment.  A 
pressure  that  is  great  enough  to  move  the  timber  a  small 
amount  out  of  line  will  usually  be  sufficient  to  effect  its  com- 
plete collapse  eventually. 

The  expense  of  cutting  tenons  upon  the  ends  of  the  legs  has 
caused  tenons  to  be  abandoned  at  some  mines.  Whether 
tenons  are  really  necessary  or  not  is  difficult  to  decide,  but  in 
the  writer's  opinion  the  strength  and  reliability  of  square  sets 
are  largely  dependent  upon  the  stififtiess  and  accuracy  of  the 
joints,  and  stiffiiess  is  certainly  increased  by  tenons  on  the  legs. 
Whatever  the  form  of  the  joint,  however,  it  should  be  accurate- 
ly cut  and  the  timber  erected  with  care  and  well  blocked  against 
solid  ground  on  all  sides. 

The  handling  of  timber  about  a  mine  is  a  detail  of  consider- 
able importance.  The  fundamental  rule  is,  never  to  hoist  tim- 
ber unless  absolutely  necessary,  but  if  possible  connect  the  place 
to  be  timbered  with  the  level  above  and  send  the  timber  down 
from  this  level  to  its  final  position.  This  is  not  only  the  cheap- 
est method  of  handling  the  timber  when  it  is  practicable,  but  it 
is  the  most  convenient  as  the  ore  mined  is  sent  to  the  level  be- 
low and  the  two  do  not  interfere. 
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There  is  a  special  method  of  maintaining  cavities  which  is 
used  as  a  substitute  for  timbering  and  which  should  be  men- 
tioned in  this  connection.  If  the  vein  is  hard  and  of  low  grade, 
and  the  hanging  wall  weak,  a  la^er  of  from  2  to  5  feet  of  the 
vein  may  be  left  attached  to  the  hanging  wall  to  support  it, 
and  thus  save  the  cost  of  timbering.  This  method  is  practiced 
in  some  of  the  low  grade  copper  bearing  conglomerates  of  Michi- 
gan, which  are  in variabh- associated  with  weak  hangingwalls. 
The  adoption  of  the  system,  of  course,  will  depend  simply  upon 
the  relation  of  the  cost  of  timbering  to  the  value  of  the  mineral 
left. 

TRAXSPORT.VTIOX   OF  ORE  TO   THE  SHAFT. 

The  general  principles  in  handling  ore  are  to  hoist  it  but 
once  and  then  onh-  in  a  regularh'  equipped  shaft,  and  to  avoid 
shoveling  as  much  as  possible.  To  comply  with  these  rules  ore 
broken  between  any  two  levels  must  be  sent  down  to  the  lower 
level  and  thence  to  the  shaft  with  as  little  handling  as  possible, 
gravity  being  utilized  to  the  fullest  extent. 

The  method  of  transportation,  it  is  evident,  will  depend  up- 
on the  dip  of  the  deposit  and  the  method  of  breaking  the  ore. 
When  overhand  stoping  is  used  and  the  dip  is  steep  enough,  the 
ore  is  allowed  to  fall  to  the  lower  level  where  it  is  loaded  into 
cars  and  trammed  to  the  shaft.  The  loading  will  be  cheapest 
if  the  broken  ore  is  stopped  just  above  the  level  of  the  top  of 
the  cars  and  then  b\'  means  of  chutes  run  into  the  cars  by  grav- 
ity. The  conditions  which  usualh'  prevent  such  an  arrange- 
ment are  too  flat  a  dip  and  pieces  of  ore  too  large  to  be  dropped 
into  the  cars  without  injuring  the  latter.  A  flat  dip  is  some- 
times impossible  to  overcome,  but  modem  practice  seems  to 
favor  overcoming  the  second  difficulty  b3-  building  cars  of  spe- 
cial construction  to  withstand  the  great  shock  of  the  falling 
pieces. 

As  several  stopes  may  be  opened  from  one  level  it  is  usually 
necessary  to  maintain  a  clear  road  under  the  several  stopes. 
This  is  done  by  the  use  of  timbers.  If  the  vein  be  narrow 
enough  and  the  walls  good,  a  row  of  stull  timbers  will  be  used 
backed  by  lagging;  if  wide,  drift  sets.  Plate  V  shows  the  tim- 
bering used  to  maintain  an  opening  under  the  filling  in  the  Min- 
nesota iron  mine.  Blasting  may  be  safely  carried  on  above 
such  timber  if  the  timber  be  kept  covered  with  a  few  feet  (5  to 
15)  of  broken  ore  or  rock.  This  broken  ore  acts  as  a  cushion 
and  absorbs  the  shocks  of  the  falling  pieces,  keeping  the  timber 
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intact  and  making  it  possible  to  break  and  tram  ore  from  a 
given  place  at  the  same  time.  If  the  dip  be  too  flat  or  other 
conditions  unfavorable  for  the  establishment  of  loading  chutes 
at  regular  intervals,  a  platform  may  be  erected  along  the  side 
of  the  drift  at  the  level  of  the  top  of  the  cars,  and  the  broken 
ore  allowed  to  run  out  upon  this  platform,  from  which  it  may 
be  shoveled  or  rolled  into  the  cars. 

When  the  ore  is  broken  from  the  top  down,  as  in  the  drift- 
ing method,  it  is  necessary  to  transport  the  ore  from  the  end 
or  "breast"  of  the  drift,  where  it  has  been  broken,  to  the  top 
of  some  raise  or  chute  leading  to  the  level  below.  For  such 
transportation  wheelbarrows  are  commonly  used  and  occa- 
sionally small  and  light  tram-cars  holding  from  one-half  to 
one  ton.  It  is  perhaps  unnecessary  to  state  that  this  kind  of 
transportation  should  be  a  minimum  and,  if  possible,  the  rais- 
es or  chutes  should  be  near  enough  together  to  permit  shovel- 
ing the  broken  ore  directly  into  them. 

The  cars  used  for  transporting  ore,  as  already  indicated, 
are  designed  to  suit  the  method  of  loading  and  the  character 
of  the  ore.  The  material  used  in  car  construction  is  of  high 
grade,  and  more  attention  is  now  being  paid  to  car  construc- 
tion than  heretofore.  Steel  plate,  varying  in  thickness  from 
%6  to  V2  of  an  inch,  is  being  used,  the  bottom  being  made  of 
plate  Vs  of  an  inch  thicker  than  that  of  the  sides.  If  the  cars 
are  to  be  loaded  with  hard  ore  from  chutes,  the  truck  is  usually 
made  up  of  two  forged  axles  and  two  heavy  longitudinal 
timbers,  which  are  intended  to  reinforce  the  bottom  plate  and 
absorb  the  shock.  Also,  the  box  of  the  car  may  in  such  cases 
be  made  shallow,  in  order  to  lessen  the  free  fall  of  the  ore.  If 
the  ore  be  allowed  to  roll  out  on  the  floor  of  the  level,  it  must 
be  lifted  into  the  ore  cars,  and  in  such  cases  the  cars  will  be 
as  low  as  possible,  and  either  open  at  both  ends  or  provided 
with  doors,  one  of  which  at  least  will  be  hinged  at  its  lower  side 
and  thus  open  downwards,  permitting  its  use  as  an  inclined 
plane  to  assist  in  loading  large  pieces.  In  soft  ore  mines,  and 
in  hard  ore  mines  where  the  loading  is  not  done  from  chutes, 
cars  made  entirely  of  metal  are  used.  Both  inside  and  outside 
bearings  are  used,  and  generally  self-oiling  wheels. 

To  further  diminish  the  car  resistance,  wheels  of  large 
diameter  are  employed,  14  and  16-inch  wheels  being  used. 
More  attention  is  being  paid  in  the  Lake  Superior  district  to 
tram-cars  and  tramming  than  ever  before,  and  a  tramming  cost 
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higher  than  five  to  seven  cents  per  ton  is  considered  warranted 
onh'  b\"  ver\^  exceptional  circumstances. 

Mechanical  transportation  is  represented  by  electric  motors, 
compressed  air  motors,  and  endless  rope  haulage.  Mules  are 
also  employed  in  the  iron  mines  of  Minnesota.  The  independ- 
ence of  the  compressed  air  motor  gives  it  a  decided  advantage 
in  metal  mines  where  a  block  of  ground  may  be  mined  out  in  a 
short  time,  or  where  it  may  be  difficult  and  expensive  to  install 
or  keep  running  a  rope  or  electric  system. 

At  the  shaft  the  ore  may  remain  in  the  cars  and  be  hoisted 
directly  to  the  surface  by  cages,  or  the  ore  may  be  dumped  into 
pockets  at  the  shaft  and  subsequently  loaded  into  skips  b3' 
gravity.  The  shaft-pocket-and-skip  method  is  a  favorite  one 
among  the  iron  mines  and  seems  to  be  growing  in  popularity-. 
The  method  makes  tramming  and  hoisting  independent  of  each 
other,  at  least  for  a  short  time,  and  permits  each  to  be  arranged 
to  the  best  advantage. 

It  will  be  seen  from  this  brief  and  general  description  of 
the  three  main  operations  included  under  "Methods  of  Mining," 
that  when  a  special  deposit  is  under  consideration,  the  adop- 
tion of  a  method  of  mining  it  may  be  either  a  very  simple  mat- 
ter or  a  complicated  one.  Conditions  favorable  to  cheap  break- 
ing may  be  very  expensive  to  maintain  or  maA'  be  directh-  op- 
posed to  cheap  work  elsewhere,  and  so  a  method  has  generally 
to  be  adopted  which  is  a  compromise  between  conflicting  con- 
tritions. The  efficiency  of  any  method  as  a  whole  must  finalh- 
T^e  determined  bv  the  cost  of  a  ton  of  ore  delivered  at  the  shaft. 


68  C.  H.  Chalmers. 


NOTES  ON  THE  DESIGN  AND  MANUFACTURE  OF    DY- 
NAMO ELECTRIC  MACHINERY. 

BY   C.    H.    CHALMERS,    '94. 

It  is  the  purpose  of  this  article  to  treat  briefly  of  a  few 
points  ill  the  design  and  manufacture  of  dynamo  electric  ma- 
chinery that  have  come  to  the  notice  of  the  writer.  Particular 
attention  will  be  paid  to  considerations  which  the  technical 
press  and  text  books  regard  as  of  minor  importance. 

No  logical  order  or  arrangement  will  be  attempted,  the  dif- 
ferent items  being  discussed  without  reference  to  each  other. 

ARMATURE  DISCS. 

These  discs  are  usually  made  from  soft  charcoal  iron  or  a 
mild  steel  and  generally  run  about  fifty  to  the  inch.  Little  or 
nothing  seems  to  be  gained  by  making  them  thinner,  while  on 
the  other  hand,  if  this  thickness  is  exceeded,  the  losses  fromfou- 
cault  currents  cause  excessive  heating.  Much  has  been  said 
about  insulating  the  discs  from  each  other  by  means  of  paper, 
varnish,  etc.  It  is  now  the  practice  of  the  leading  American 
manufacturers  to  build  up  their  armature  cores  without  any 
other  insulation  than  the  oxide  which  is  on  the  discs.  The 
writer  found  his  company  using  paper  insulation  on  all  their 
cores  when  he  took  charge  of  the  design  and  testing  of  the 
apparatus.  In  order  to  be  absolutely  certain  he  had  two  ten 
H.  P.  armatures  built,  one  with  paper  and  the  other  without. 
These,  before  being  wound,  he  ran  for  several  hours  in  a  strong 
field  and  noted  carefully  the  rise  in  temperature  of  each.  He 
found  no  difference  whatever.  They  have  used  no  paper  in 
their  cores  since,  and  have  noted  no  change  in  the  action  of  the 
armatures. 

Armature  discs  are  sometimes  punched  and  sometimes  cut 
out  with  a  set  of  tinners'  circular  shears.  Unless  the  punch  is 
kept  in  first  class  order,  the  edges  of  the  disc  are  apt  to  be 
frayed  and  rough,  while  the  shears  make  a  clean  cut  every  time. 
These  shears  are  much  less  expensive  than  the  punches,  and, 
when  once  adjusted  for  a  particular  disc,  can  be  operated  by 
cheap  labor. 
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For  small  armatures,  the  discs  ma^-  be  cut  out  in  squares 
and  turned  oflf  in  the  lathe.  A  side  cutting  tool  can  be  used  so 
that  two  or  three  cuts  will  finish  the  armature.  The  finishing 
cut  should  be  a  thin  one,  to  avoid  burring  the  discs  together. 
Toothed  armatures  are  made  in  a  Yariet\-  of  ways.  The  larger 
factories  use  punches,  while  the  smaller  ones  make  the  slots 
with  a  shaper,  planer,  or  milling  machine. 

HEADS   OF   ARMATURES. 

Closely  allied  to  the  subject  of  armature  discs  is  that  of  the 
heavy  discs  or  heads  which  are  usually  put  on  each  end  of  the 
armature  to  give  it  strength.  For  this  question  there  are  three 
solutions;  I.  A  heavy  disc  of  mild  steel,  wrought  iron,  or  cast 
iron;  II.  A  similar  one  of  brass,  gun  metal,  or  some  other  non- 
magnetic metal ;  III.  The  use  of  no  head  at  all.  The  use  of  the 
iron  disc  lowers  the  magnetic  density  in  the  armature  and  in  this 
way  tends  to  decrease  the  losses  due  to  h\'steresis  and  foucault 
currents  ;  on  the  other  hand,  being  thick,  it  is  in  itself  subject  to 
heavy  parasitic  currents  and  consequent  loss.  A  little  reflection 
will  reveal  the  fact  that  these  losses  will  be  principally  due  to 
eddies. 

The  permeability^  of  the  iron  disc  increases  the  voltage  avail- 
able for  causing  eddies,  while  its  ohmic  resistance  tends  to  re- 
duce the  currents  which  naturalh'  flow.  Taking  the  armature 
head  by  itself,  it  is  evident  that  the  lower  the  permeability  and 
the  higher  the  ohmic  resistance,  the  less  will  be  the  heating  of 
the  head. 

The  loss  due  to  eddies  is : 

(1)  w=|- 

Where  W  equals  Watts,  E  equals  volts,  and  R  equals  ohms. 
But  E  in  a  given  case  varies  directh^  with  the  permeability-,  so 

that  (2)  Wo,^^ 

Where  U  equals  permeability-.  Equation  (2)  shows  the  great 
advantage  of  the  brass  or  gun-metal  head. 

The  permeability-  is  reduced  from  the  square  of  a  ver3-  con- 
siderable quantity-  to  unity,  while  the  ohmic  resistance  is  in- 
creased an  amovmt  which  is  negligible  when  compared  with  the 
gain  due  to  the  decreased  permeability- . 

These  considerations  have  led  to  the  adoption  of  brass 
heads  on  many  machines,  and  to  a  subsequent  decrease  in  the 
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heating  of  the  armature.  It  has  long  been  recognized  that  an 
armature  without  heavy  discs  at  the  ends,  would  be  the  best 
and  only  true  solution  of  this  question,  but  it  is  only  recently 
that  manufacturers  have  built  their  armatures  without  heads 
or  heavy  discs  at  the  ends.  Of  course  only  ring  type  arma- 
tures are  built  in  this  latter  way. 

RELATIVE  LENGTH  OF  FIELD  AND  ARMATURE. 

As  machines  are  built  nowadays,  every  littledetail  that  will 
tend  to  make  the  machine  run  cooler  is  worthy  the  attention  of 
the  designer.     In  well  designed  machines  the  heating,  rather 

than  sparking,  is  the  limiting  fac- 
tor in  the  load,  which  the  machine 
will  safely  carry.  The  armature 
must  be  laminated  in  planes  that 
are  parallel  to  the  induction,  for  by 
so  doing  the  interstices  are  placed 
^^^_^^^^_^^^  directly  in  the  path  of  the  foucault 

11"  T         ^'il''^'/''      currents.    An  examination  of  Figs. 

1  and  2  will  show  the  effect  of  the 
relative  length  of  pole  piece  and 
armature  core,  so  far  as  concerns 
the  magnetic  induction.  In  Fig.  1, 
^,  the  lines  of  force  are  shown  as  en- 

■i-ZQ,  J.  »  tering  the  end  of  the  armature  in  a 

•^     "^  direction  normal  to  the  lamination. 

This  will  evidently  be  a  source 
of  loss  from  foucault  currents, 
which  may  be  materially  de- 
creased by  the  construction  in 
Fig.  2.  Fig.  2  has  the  further 
advantage  of  increasing  the 
cross  section  of  the  air-gap 
with  a  consequent  decrease  of 
the  energy  needed  for  exciting 
the  field.  On  the  other  hand, 
Fig.  1  has  an  advantage  in 
that  the  conductors  on  the  sur- 
face of  the  armatures  are  short- 
er and  theC^R  loss  less.  There 
seems  to  be  no  definite  rule 
among  authorities  regarding  the  ratio  of  length  of  armature 
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and  pole  piece,   but  it  would  seem  a  rational  solution  of  the 
question  to  make  ab  equal  cb,  see  Fig.  2,  or  at  least  nearly  so. 

ARMATURE  SPIDERS. 

The  mechanical  design  of  armature  spiders  is  usually  con- 
sidered to  be  identical  with  that  of  an  ordinary  fly  wheel. 
Large  factors  of  safetj^  are  used  so  as  to  have  ample  strength 
in  case  of  a  short  circuit  on  the  machine.  The  revolving  arma- 
ture is  treated  as  the  rim,  and  the  spider  as  the  hub  and  spokes, 
of  the  wheel. 

The  enormous  kinetic  energy  which  must  be  contended 
with  in  case  of  a  heavy  short  circuit  is  given  as  the  reason  for 
the  large  factors  of  safety  generally  used  in  spider  designs.  A 
careful  study  of  the  conditions  in  cases  of  the  above  nature  will 
show  that  this  method  of  procedure  in  the  mechanical  design 
of  armature  spiders  is  radicalh'  wrong.  If  we  assume  that  the 
armature  is  brought  to  a  dead  stop  in  a  given  time,  we  can 
compute  the  kinetic  energy-  by  the  formula : 

K  =  y2MY2, 

where  K  equals  foot  pounds,  M  equals  mass,  and  V  equals  the 

velocity  in  feet  per  second. 

The  first  impulse  is  to  use  M  as  meaning  the  mass  of  the  re- 
volving core  and  conductors,  but  this  is  just  where  the  mistake 
lies.  The  mass  to  be  considered  is  not  that  of  the  armature y 
but  that  of  the  shaft,  pulley-,  belting,  and  moving  parts  of  the 
engine. 

The  major  portion  will  of  course  be  the  fl\'  wheels  of  the  en- 
gine, and  this  will  suggest  that  an  engine  with  heavy  fly  wheels 
and  moving  parts  will  be  more  severe  on  a  generator  in  case  of 
a  short-circuit  than  one  where  corresponding  parts  are  light. 
Of  course,  so  far  as  concerns  the  strength  needed  to  transmit 
the  strain  from  the  shaft  to  the  core  in  ordinary  running  at  full 
load,  or  considerably  be^-ond  it,  is  concerned,  the  mechanics  of 
the  cantilever  is  of  prime  importance. 
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STRENGTH  OF  CONCRETE  AND  STEEL  IN  COMBINATION. 

BY  PROFESSOR  FRANK  H.    CONSTANT). 

Within  the  past  few  years  the  use  of  concrete  and  steel  in 
combination  has  become  quite  common. 

We  see  it  first  coming  into  extended  use  with  the  advent  of 
the  modern  steel  foundation  for  tall  buildings ;  w^e  find  it  ap- 
plied to  the  solid  floors  of  bridges  and  buildings  ;  and  later  w^e 
see  it  appearing  as  the  principal  element  of  certain  kinds  of 
arch  bridge  constructions  known  as  the  Monier  and  Melan 
Systems. 

By  concrete-iron  construction  is  meant  such  cases  in  which 
the  two  materials,  by  their  combined  resistance,  carry  certain 
specific  loads.  With  the  increased  use  of  concrete  in  combina- 
tion with  steel  or  iron,  a  stud3^  of  the  elastic  properties  of  the 
combination  becomes  correspondingly  important. 

Unfortunately,  our  knowledge  of  this  subject  is  as  yet  ex- 
tremely limited,  owing  to  the  few  experiments  that  have  been 
made  to  determine  the  elastic  behavior  of  cement  or  concrete 
under  varyingconditions.  The  tests  that  have  been  made  upon 
various  types  of  concrete-iron  construction,  were  conducted  for 
the  purpose  of  determining  the  ultimate  strength  of  certain 
forms,  rather  than  as  a  scientific  interpretation  of  the  mechan- 
ical laws  governing  such  construction. 

Generall3',  in  large  and  important  structures  subjected  to 
heavy  loads,  such  as  foundations  and  Melan  arch  bridges,  the 
steel  portion  is  made  suflSciently  strong  to  carry  the  entire  load. 
In  such  cases,  the  concrete  serves  as  an  additional  factor  of 
safety.  The  writer  would  not  advocate  a  change  from  this 
custom,  for  concrete,  as  it  comes  from  the  hands  of  the  ordinary- 
shift  of  laborers,  is  too  uncertain  a  quantity  upon  which  to 
place  the  safety  of  a  structure.  Nevertheless,  with  proper  su- 
pervision, excellent  concrete  may  be  produced,  which  may  aid 
materially  in  the  strength  of  the  structure.  Especially  is  this 
true  when  the  concrete  is  so  placed  in  the  combination  as  to  de- 
velop its  compressive  strength  simply.  The  compressive  resist- 
ance of  concrete  being  quite  large  compared   with  its  tensile 
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strength,  considerable  latitude  might  be  jjermitted  before  its 
usefulness  is  destroyed. 

The  strength  of  two  elastic  materials  in  combination  de- 
pends upon  the  relative  elasticities  of  the  two  substances.  The 
coefficient  of  elasticity  of  steel  is  about  30,000,000,  while  that 
for  ordinary  concrete  varies  from  750,000  to  2,000,000,  but 
which,  in  what  follows,  we  will  take  at  1,000,000. 

Now  the  stresses  developed  in  different  materials  under  like 
conditions,  are  directly  proportional  to  their  coefficients  of  elas- 
ticity. Thus,  suppose  bars  of  cement  and  steel  are  placed  side 
b^'  side  in  a  testing  machine  and  subjected  to  the  same  pull  and 
stretch.  Then  the  actual  stress  developed  in  the  cement  will 
be  but  one-thirtieth  of  that  developed  in  the  steel.  In  other 
words,  the  cement  will  resist  one-thirty-first  part  of  the  total 
pull.  To  make  this  illustration  more  clear,  substitute  for 
cement  a  bar  of  rubber. 

Let  us  first  consider  the  ver\'  common  condition  (occurring 
in  foundation  work,  and  in  the  Melan  Arch)  of  a  beam  buried 
in  concrete.  (See  Fig.  1.)  As  the  formulae  which  we  are  to  ob- 
tain are  to  be  working  formulae,  w^e  will  assume  that  the  steel  is 
not  strained  beyond  the  elastic  limit.  Two  cases  must  be  con- 
sidered :  a. — When  the  concrete  does  not  crack,  and  when  the 
steel  does  not  pass  the  elastic  limit,  h. — When  the  concrete 
cracks  on  the  tension  side,  but  the  steel  does  not  pass  the  elastic 
limit. 

Should  the  concrete  fail  on  the  compression  side  also,  the 
condition  becomes  that  of  the  steel  beam  acting  alone.  In 
each  of  these  cases  the  controlling  fact  is  that  the  adhesion  be- 
tween the  concrete  and  the  steel  is  assumed  to  be  sufficient  to 
cause  equal  distortions  in  the  two  materials ;  that  is,  the  radius 
of  curvature  under  flexure  is.  at  any  point,  the  same  for  both 
materials.  In  order  that  this  condition  may  be  satisfied,  the 
beams  should  not  be  spaced  very  far  apart. 

CASE  I.  (See  Fig.  1.) 

Let  M"  =  moment  of  resistance  of  the  concrete, 
M'  =  moment  of  resistance  of  the  steel  beam, 
r  =  radius  of  curvature  of  both,  under  flexure, 
E"  =  coefficient  of  elasticity  for  concrete, 
E'  =  coefficient  of  elasticity  for  beam, 
I"  =:  moment  of  inertia  of  concrete, 
I'  =  moment  of  inertia  of  beam. 
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Then, 


b  =:  width  of  concrete, 
h  =:  depth  of  concrete. 

Ji—  M^- 

r  ~  "E'V  " 


W 


30  r 


M''  = 


(i; 


30  r 

M'  and  I''  can  be  obtained  from  the  handbooks  of  steel  man- 
ufacturers, and  V  =  142 bh3.  The  total  moment  of  resistance 
of  the  combination  is, 

M  =  M'  +  M''  =  external  moment. 

To  find  the  extreme  fibre  stress  in  the  concrete : 
M^^h  ,  .,      M'h 

M'TT. 
Ml" 


r 


r  = 


and  V—  21/ 
=  i/^of',  where 


f "  ^  extreme  fibre  stress  in  concrete, 
f  =:  extreme  fibre  stress  in  beam. 
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This  last  result  is  evident  from  the  fact  that  fibres  in  the 
concrete,  and  in  the  steel,  situated  at  equal  distances  from  the 
theneutral  axis, must  haveequal  distortions,  and  hence thefibre 
stresses  are  proportional  to  the  coefficients  of  elasticity  of  the 
two  substances.  Since  the  fibre  stress  in  the  concrete  is  at  all 
points  but  one-thirtieth  of  the  corresponding  fibre  stress  in  the 
steel  beam,  we  might,  without  changing  the  total  amount  of 
stress  in  the  concrete,  have  considered  the  width  of  the  concrete 
reduced  to  one-thirtieth  of  its  former  width,  while  the  fibre 
stress  at  each  point  is  increased  thirty-fold  so  as  to  be  equal  to 
that  in  the  steel  beam  at  the  corresponding  point.  The  concrete, 
which  has  thus  been  metamorphosed  into  a  steel  beam  of  one- 
hirtieth  of  its  former  width,  may  now  be  considered  as  part  of 
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the  steel  beam  and  its  properties  obtained  in  the  ordinary  man- 
ner.   This  method  will  be  used  in  the  solution  of  the  next  case. 

If  the  ultimate  tensile  strength  of  concrete  be  taken  at  200 
pounds  per  square  inch,  the  corresponding  fibre  stress  in  the 
beam  should  not  exceed  6,000  pounds,  in  order  that  the  con- 
crete may  not  crack.  Should  the  beam  be  subjected  to  the 
usual  working  fibre  stress  of  about  15,000  pounds  per  square 
inch,  the  corresponding  fibre  stress  in  the  concrete  will  be  500 
pounds,  which,  while  great  enough  to  crack  the  concrete  on  the 
tension  side,  is  well  within  the  limit  of  its  compressive  strength. 

This  first  case  is  of  importance  in  the  consideration  of  such 
forms  of  elastic  arch  construction  as  the  Melan  arch,  where  a 
reversal  of  stress  is  possible.  In  this  case,  should  the  tension,, 
which  ma\' occur  at  different  times  in  either  flange,  exceed  6000 
pounds,  cracks  may  start  from  both  sides  and  pass  entirely 
through  the  concrete,  thus  seriously  impairing  or  destroying 
its  value  as  one  of  the  elements  of  strength  in  the  structure. 

CASE  II.  (See  Fig.  2.) 

In  this  case  we  shall  assume  that  the  concrete  cracks  on  the 
tension  side,  and  owing  to  vibration  or  other  causes,  the  crack 
extends  to  the  neutral  axis.  In  other  words,  we  shall  assume 
that  none  of  the  concrete  is  in  tension. 

The  special  difficulty  in  this  case  is  that  the  neutral  axis  is 
now  no  longer  in  the  center  of  the  beam,  but  has  moved  to- 
ward the  compression  side  a  small  distance  k.  The  value  of  k,. 
however,  can  readih-  be  found  as  follows: 

As  was  shown  in  Case  I,  the  concrete  may  be  replaced  by  sl 
strip  of  steel,  having  a  width  equal  to  one-thirtieth  of  the 
width  of  the  concrete.  This  substitution  does  not  affect  the 
total  amount  of  stress  in  each  small  horizontal  layer  and  hence 
does  not  disturb  the  condition  of  equilibrium.  This  strip  be- 
comes part  of  the  steel  beam  and  we  have  now  to  deal  simply 
with  the  modified  steel  beam  shown  in  the  figure.  The  neutral 
axis  is  in  the  center  of  gravity  of  the  figure  and  ma3'  be  found 
b\' dividing  the  moment  of  the  area  of  the  additional  strip  about 
the  center  of  the  beam  by  the  area  of  the  entire  figure. 

Let  A  =  area  of  steel  beam. 

I'^=  moment  of  inertia  of  steel  beam  about  its  own  center. 
I"=        '*  "  "       strip  about  the  new  neutral 

axis  of  beam. 
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V"  =  moment  of  inertia  of  steel  beam  about  the  new 
neutral  axis. 

k  =  distance  from  neutral  axis  to  the  center  of  beam. 

h'  ==  y2h.  of  beam. 
Other  quantities  have  the  same  values  as  for  Case  I. 
Then  ,  _    b(h--k)[y2(h--k)4-k] 

,  1  bh2 

""^^"^^  ^=4(6QA  +  bh-bk) 

This  equation  can   readih'  be  solved   by  trial,  as  hk  is  a 
small  quantity. 

Thus,  if  b  =  24'';  h  =  15";  A=  12";  then,  k  =  1.28'' 
b  =  24'';  h  =  12";  A  =  9.4'';  k  =  1.00'' 

b  =  24'';  h  =  10'';  A  =  7.5";  k=    .90" 

After  A:  has  been  found,  the  moment  of  resistance  of  the 
modified  beam  is  obtained  from  the  equation 

f(i"+r")_i5ooo(r+r-) 

(h'  +  k)  (h'  +  k)  ^"^^ 

Where  r"  =  r  +  Ak2,  and  F  =:i/9ob(h'— k)3. 

The  extreme  compressive  stress  in  the  concrete  is 
/    .1500Q(h--k) 

f"I 
Likewise,  since  M"=  yrr-r-i-x,  where  1  =  301" 
(h  +k)' 


(h'+k) 

andr  =  30f" 

M"=ii^.  (a) 

Which  is  identical  with  equation  (1)  of  Case  I. 
CASE  III.     (See  Fig.  2). 

In  this  case  we  shall  assume  that  the  concrete  cracks  on  the 
tension  side,  but  that  the  crack  does  not  extend  beyond  that 
point  at  which  the  tensile  fibre  stress  in  the  concrete  is  just 
equal  to  its  ultimate  tensile  strength:  viz.,  about  200  pounds 
per  square  inch.  In  this  case  the  lower  portion  of  the  sound 
concrete  will  be  in  tension. 

Let  X  =  distance  from  center  of  beam  to  the  point  in  con- 
crete at  which  the  tensile  fibre  stress  is  200  pounds.  The  cor- 
responding fibre  stress  in  the  beam  is  6000  pounds.    The  exact 
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value  of  X  in  terras  of  h  and  k  might  be  expressed,  and  likewise 
a  second  equation  written,  giving  the  value  of  k  in  terras  of  h 
and  x;  from  which  equations  both  k  and  x  raight  be  obtained. 
The  resulting  equations,  however,  would  be  ver\'  cumbrous.  It 
will  be  sufficiently  accurate  to  obtain  the  value  of  x  on  the  sup- 
position that  the  neutral  axis  remains  in  the  center  of  the  beam, 
and  then  from  the  result  subtract  about  three-quarters  of  an 
inch,  which  is  nearly  the  value  of  k. 

Hence,x-^^xA_3/,==.2h-.75  (6) 

,  _y3o(h'+x)b[y2(h'+x)-x] 


A  +  i/3ob(h'  +  x) 
b(h'2  —  x2) 
^^^°^^  ^  =  2[30A  +  b(h'  +  x)]  ^'^> 

If  b  =  24";  h  =  15":  A  =  12";  x  =  3.75";  k  =  .80" 
b  =  24  ;  h  =  12  ;  A  =  9.4  ;  x  =  2.85  ;  k  =  .68 
b  =  24  ;  h  =  10  ;  A  =  7.5  ;  x  =  2.25  ;  k  =  .60 
The  moment  of  resistance  of  the  modified  beam  is,  as  before, 

loooojr+r^) 
^^- — (FTk) —  ^^> 

w-herer"  =  I'  +  Ak2 

p,  _b(h^  +  x)3      b(h'  +  x)[V2(h^  +  x)— (x  +  k)]2 
~        360  30 

Equations  (4)  and  (5)  hold  for  Case  III  as  well  as  for  Case  II. 
Other  cases  can  be  solved  by  the  same  general  method  given 
above.     For  example,  the  concrete  may  have  a  greater  depth 
than  the  beam. 

CASE  IV  (See  Fig.  3.) 

In  this  case  we  shall  assume  that  a  square  steel  wire  is  im- 
bedded near  the  lower  portion  of  a  concrete  beam,  and  that  the 
stress  in  the  wire  does  not  exceed  15,000  pounds  per  square 
inch. 

Let  t  =  length  of  side  of  steel  wire, 
b  ==  breadth  of  concrete  beam, 
h  ^  depth  of  concrete  beam. 

d  =  distance  from  center  of  beam  to  center  of  steel  wire. 

k  =:  distance  from  center  of  concrete  beam   to  neutral 

axis  of  the  concrete-steel  beam. 

As  before,  let  us  consider  the  concrete  beam  as  transformed 

into  a  steel  strip  having  a  breadth  of  one- thirtieth  of  its  former 
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width.    We  then  have  to  deal  with  a  modified  shape  similar  to 
the  preceding  cases. 


jrig.. 


Then, 


k- 


t2d 


(9) 


i/3obh  +  t2 

Let  I"=  moment  of  inertia  of  concrete  strip  about  the  new 
neutral  axis. 

Let  1'"=  moment  of  inertia  of  steel  wire  about  the  new 
neutral  axis. 

f(r +!'")_  15000(1" +r") 


Then,        M  = 


(d-k) 


^here    I"  = 


bh3 


(d-k) 

bhk2 

360  "^     30 

r'nzt2(d  — k)2. 

The  maximum  tensile  fibre  stress  in  the  concrete  is, 

15,000(h^— k) 
~       30(d  — k) 
where    h'=i4h. 

The  maximum  compressive  fibre  stress  is. 


(10) 


r 


15,000  (h'  +  k) 


(11) 


(12) 


30(d— k) 

Equations  (10),  (11),  and  (12),  are  readily  adapted  to  any 
other  stress  in  the  wire  than  15,000,  by  making  the  proper  sub- 
stitution. The  one  condition  is  that  the  stress  shall  not  exceed 
the  elastic  limit  of  steel. 

It  is  evident  that  other  cases  might  be  solved  by  the  method 
here  outlined  but  it  is  believed  that  these  few  cases  sufficiently 
illustrate  the  method. 

That  the  strength  of  a  beam  is  greatly  increased  by  imbed- 
ding it  in  concrete  is  readily  seen  by  solving  Case  I  for  one  or  two 
conditions.  Thus  suppose  b  =  24" ;  h  =  15" ;  A  =  12.0" ;  I'  = 
424.    Then  from  Eq.  (1); 
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M"  =  -^^^  M' 
12720 

That  is,  the  moment  of  resistance  of  the  concrete  is  more 
than  one-half  of  that  of  the  steel  beam,  and  the  strength  of  the 
beam  is  therefore  increased  1Mty  per  cent,  by  the  addition  of  the 
concrete. 

Again,  let  us  take  the  case  of  a  concrete  beam  having  a 
wire  imbedded  one  inch  from  its  lower  edge. 

Let  b  =  6";  h  =  12";  d=  5";  t  =  .5". 
FromEq.  (9),k  =  V2"- 
I"=  30;  1'"—  5. 
M'  =  %o  M". 

In  this  case  the  strength  of  the  concrete  beam  is  increased 
one-sixth  by  the  presence  of  the  steel  wire,  although  the  area 
of  the  wire  is  but  four-tenths  of  one  per  cent,  of  the  total  area 
of  the  beam . 

If  the  width  of  concrete  is  great  enough,  the  concrete  will 
bend  about  its  own  neutral  axis,  rather  than  that  of  the  com- 
bined concrete-steel  beam.  The  adhesion  between  the  concrete 
and  steel  should  be  sufficient  to  prevent  such  independent  ro- 
tation. 

In  the  case  of  the  wire  imbedded  in  the  concrete  beam,  if 
the  adhesion  between  the  materials  is  destroyed,  the  stress  in 
the  wire  at  once  reduces  to  zero  and  the  concrete  beam  carries 
the  entire  load.  For  this  case,  then,  the  adhesion  between  the 
wire  and  concrete  must  be  equal  to  the  total  maximum  stress 
which  can  occur  in  the  wire.  Practically,  the  stresses  in  the 
wire  should  be  computed  for  adjacent  sections  near  the  end  of 
the  beam  and  the  adhesion  between  the  two  materials  for  the 
length  included  between  the  sections  should  be  equal  to,  or 
greater  than  the  diiference  between  these  stresses.  It  is  thus 
seen  that  the  procedure  is  similar  to  that  for  the  determination 
of  the  pitch  of  rivets  in  the  flanges  of  a  plate  girder. 

For  a  beam  imbedded  in  concrete,  the  case  is  not  so  simple, 
since  each  of  the  two  materials  will  carr\'  a  portion  of  the  load 
after  adhesion  bet\veen  them  has  been  destroyed.  It  is  neces- 
sary to  determine,  then,  what  portion  of  the  bending  moment 
each  part  is  capable  of  resisting  when  rotating  independenth- 
about  its  own  neutral  axis.  From  this  the  fibre  stress  in  the 
concrete  may  be  obtained  and  the  strain  line  CF,  Fig.  IV. 
can  be  draw^n. 
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From  the  formulae  given  above  the  fibre  stress  in  the  con- 
crete, where  the  two  materials  act  as  one  beam,  may  be  deter- 
mined, and  the  strain  line  BD  drawn  for  this  condition.  In  the 
figure,  k  is  the  position  of  the  neutral  axis  of  the  combined 
beam,  and  d  the  neutral  axis  of  the  concrete  when  acting  alone. 
The  depth  of  the  concrete  is  AE.  Then  the  effect  of  the  adhesion 
is  to  change  the  stress  in  each  fibre  of  the  concrete  from  an 
amount  proportional  to  the  abscissas  of  the  line  CdF,  to  an 
amount  proportional  to  the  abscissas  of  the  line  BkD.  The 
shaded  area  CBDF  represents  the  amount  of  constraint  caused 
by  the  adhesion.  The  area  of  the  shaded  portion,  multiplied  by 
the  breadth  of  the  beam,  is  equal  to  the  total  amount  of  adhe- 
sion, between  the  section  and  the  end  of  the  beam. 

Consider  two  sections  near  the  end  of  the  beam.  Determine 
the  shaded  area  for  each  section.  Then  the  difference  in  area 
of  the  two  shaded  portions  included  between  similar  horizontal 
lines,  multiplied  b\^  the  breadth  of  the  beam,  is  equal  to  the 
amount  of  adhesion  required  for  that  part  of  the  beam  bounded 
by  the  two  sections  and  the  two  horizontal  layers.  Thus  any 
part  of  the  beam  may  be  tested. 

In  the  above  discussion  the  concrete  was  assumed  to  have 
a  coefficient  of  elasticitx-  of  one  million,  and  to  otherwise  act  as 
an  elastic  material.  It  must  be  remembered,  however,  that  cem- 
ent is  not  a  uniform  product,  such  as  steel  or  iron,  but  that 
it  may  vary  in  quality  from  utter  worthlessness  to  that  of  the 
best  cements  upon  the  market.  The  elastic  properties  vary 
correspondingly,  and  hence  actual  tests  may  frequently  give 
results  widely  different  from  those  of  this  article.  The  writer 
hopes  to  conduct,  in  the  near  future,  a  series  of  tests,  to  deter- 
mine experimentally  the  elastic  behavior  of  cements  and  con- 
cretes under  different  conditions. 

The  writer  is  indebted  to  Mr.  Frank  B.Walker,  '97,  for  the 
sketches  accompanying  this  article. 
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CORN  OIL. 

BY   HARRY   \Y.    ALLEX. 

The  investigation  of  the  physical  and  chemical  properties 
of  com  oil,  discussed  in  this  article,  was  undertaken  with  the 
purpose  of  finding  some  economical  use  for  which  the  oil  might 
be  adapted,  either  in  its  natural  condition  or  after  some  cheap 
method  of  treatment.  The  oil  is  obtained  from  the  refuse  of 
corn  distilleries,  and  from  corn  before  it  is  emplo3ed  in  the 
manufacture  of  starch.  Enormous  amounts  are  now  wasted 
which  could  be  obtained  at  a  nominal  expense  if  some  practical 
use  for  the  product  were  known.  The  only  manner  in  which 
the  oil  at  present  is  utilized  to  anj^  extent,  is  as  an  adulterant. 
Being  much  cheaper  than  linseed  oil,  it  is  used  with  the  latter 
for  mixing  paints,  and  in  the  adulteration  of  lard  it  has  been 
substituted  for  cotton-seed  oil.  Corn  oil  has  been  employed  for 
burning,  as  a  lubricant,  and  in  soap-making,  but  for  none  of 
these  uses  does  it  seem  specially  applicable. 

The  experiments  with  the  oil  from  this  economical  stand- 
point were  rendered  difficult  from  the  beginning  of  the  work  by 
a  scarcity  of  literature  on  the  subject.  No  thorough  examina- 
tion of  the  oil  seems  ever  to  have  been  made,  and  only  short 
references  as  to  its  general  appearance, specific  gravity^,  etc.,  are 
to  be  found.  The  latest  works  on  the  subject  of  oils  contain  a 
few  generalizations  in  regard  to  its  ph^'sical  and  chemical  char- 
acteristics, but  nothing  as  to  its  chemical  composition.  This 
lack  of  foundation  for  the  work  compelled  first  a  systematic 
examination  of  the  oil,  and  for  this  reason  the  efforts  to  find 
some  practical  use  for  the  oil  have  not  been  completed. 

When  the  oil  is  obtained  fi-om  the  residue  of  the  fermenta- 
tion vats,  it  is  of  a  reddish  brown  color.  The  samples  used  in 
these  experiments  were  evidently  prepared  by  the  second 
method,  for  the  oil  possessed  a  golden-yellow  or  straw  color. 
The  odor  is  very  peculiar,  smelling  somewhat  like  a  mixture  of 
corn  and  beeswax,  and  is  very  sweet.  Heated  to  a  high  temp- 
erature the  oil  smells  like  burnt  lard,  and  under  ordinary  pres- 
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sure  cannot  be  distilled  without  decomposition.  Its  specific 
gravity  at  15°  C.  is  .9233. 

The  oil  is  extremely  soluble  in  ether  and  benzol,  but  is  very 
slightly  affected  by  cold  alcohol.  According  to  Smith, i  abso- 
lute alcohol  at  16°  C.  dissolves  two  parts  in  100;  at  63°  C,  13 
parts  in  100.  In  commercial  acetone  at  16°  C.  it  dissolves  24 
parts  in  100,  and  at  16°  and  63°  C.  it  is  soluble  in  glacial  acetic 
acid  3  and  9  parts  in  100. 

Small  quantities  of  the  oil  treated  with  various  reagents  of 
different  strengths  gave  the  following  color  tests,  vehich,  how- 
ever, do  not  seem  to  be  very  distinctive : 


Reagent. 

Result. 

Reagent. 

Result. 

NaOH 

Dirty,  yellowish  white. 

HNO3 

Light  brown,  with  yellow 

1.34 

1.33 

tint  after  heating. 

H2SO4 
1.475 

No  action  until  heated. 
Brownish-red,  with  traces 

HNO3 

Con. 

Without  heat  same  color  as 
above. 

of  dark  purple.   On  further 

heating  decomposed  with 

H2SO4  + 

Light  brown  color. 

fumes,  leaving  a  black, 

HNO3 

sticky  mass. 

Aqua 

Slightly  yellow. 

H2SO4 

No  action  until  heated. 

Regia 

1.635 

Brown  color,  about  same 

+ 

as  preceding,  with  similar 

NaOH 

First  a  light  yellow.     More 

traces  of  purple. 

1.34 

NaOH — light  brown,  re- 

H2SO4 

Reaction  without  heat. 

sembling  orange.  Fibrous. 

Con. 

Yellowish-brown.    Heat 

changed  this  color  to  pre- 

HNO3 

Light  brown. 

ceding  brown. 

1.33 

HNO3 

Slightly  yellow  with  a 

+ 

1.18 

brownish  tint  after  appli- 

NaOH 

Fibrous,  light  j-ellow. 

cation  of  heat. 

1.34 

A  column  of  the  oil  examined  through  the  spectroscope 
showed  a  marked  absorption  of  the  violet  end  of  the  spectrum 
beyond  the  line  "8."  In  a  polariscope  with  a  20  c.  m.  tube,  the 
oil  was  found  to  have  a  dextro-rotatory  power  of  2.05°. 

The  oil  is  readily  saponified  by  means  of  caustic  soda  or 
potash.  It  was  found  more  expedient  to  use  alkali  of  only 
moderate  strength  in  order  to  thoroughly  saponify  the  oil,  as 
sodiutn  hydroxide  1.34,  at  first  employed,  seemed  to  produce 
an  unsaponifiable  oil,  which  was  changed  into  a  sodium  salt 
only  after  constant  mixture  with  the  alkali.  An  odor  peculiar 
to  "Johnnj'-cake"  is  ver\'  noticeable  upon  heating  the  oil  with 
the  sodium  hydroxide.  The  sodium  salt  is  a  yellow,  corn-col- 
ored soap  readily  soluble  in  water  and  hot  alcohol,  but  not  in 
ether  to  any  extent.    It  would  not  crystallize  out  of  alcohol, 

ijour.  Soc.  Chem.  Ind.,  1892,  p.  505. 
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but  was  precipitated  when  cold  as  an  amorphous  mass.  All 
efforts  to  get  a  good  crystallized  salt  of  the  oil  were  without 
success,  the  barium,  lead,  and  magnesium  salts,  also  being  al- 
most structureless  in  appearance. 

The  free  acids  of  the  oil  were  readih'  obtained  from  the 
aqueous  solution  of  the  sodium  salt  as  a  yellowish  colored  oil, 
somewhat  lighter  in  shade  than  the  original  corn  oil,  and  hav- 
ing a  specific  graYit\'  of  .909.  These  acids  are  readily  soluble 
in  ether,  almost  insoluble  in  hot  and  cold  alcohol,  and  not  in  the 
least  soluble  in  water.  The  last  fact  is  corroborated  by  the 
quantitative  results  obtained.  Accordingto  these  facts,  the  corn 
oil  fields  about  979v  of  its  weight  as  free  acids,  which  corres- 
ponds very^  closely  to  the  Hehner  value — the  percent,  of  insoluble 
fatty  acids — accorded  to  the  oil  by  numerous  chemists.  The 
acids  solidified  at  about  14°  C,  becoming  thick  and  jelly-like, 
and  again  became  fluid  at  from  16-17°  C.  The  oil  cannot  be  dis- 
tilled at  ordinar\'  pressure,  but  breaks  down,  partialh'  at  least, 
into  acrolein,  as  it  evidenced  by  the  peculiar  odor.  The  free 
acids  were  also  separated  from  the  corn  oil  directly,  without 
conversion  into  the  sodium  or  potassium  salt,  by  passing  a  cur- 
rent of  super-heated  steam  through  the  oil.  From  the  different 
characteristics  of  the  acids  it  is  almost  certain  that  the  greatest 
proportion  of  the  mixture  is  oleic  acid,  with  a  greater  or  less 
amount  of  oxy-oleic  acid,  depending  upon  the  sample  of  oil 
taken. 

The  determination  of  the  iodine  absorption  of  the  com  oil 
and  the  free  fatty  acids  gave  most  surprising  results.  The  com 
oil  ga%'e  iodine  values  from  129-13iyf ,  and  the  free  acids  a  value 
from  114-115'/^.  These  large  iodine  values  would  place  the 
com  oil  in  the  class  of  drying  oils,  which  is  not  in  accordance 
with  its  other  qualities.  It  does  not  dry  readily  and  the  ordin- 
arv-  process  of  "boiling"  and  the  addition  of  lead  oxide  have 
but  little  effect  upon  it.  It  has  been  observed,  however,  that 
certain  drying  properties  are  imparted  to  it  if  heated  in  a  cur- 
rent of  air  at  150°  C,  with  the  subsequent  addition  of  mangan- 
ese borate.  It  was  with  the  view  to  convert  the  oil  into  a  bet- 
ter "dr\'er"  either  bj-  a  reduction  or  oxidation  of  the  fattA' acids 
contained,  that  most  of  the  experiments  wdth  the  oil  were 
planned.  These  investigations  have  not  3'et  been  finished,  but 
have  developed  a  number  of  interesting  facts  in  regard  to  the  oil. 

The  result  of  the  oxidation  of  the  oil  was  one  of  the  best 
proofs  obtained   that  oleic  acid  is  a  constituent.     One  method 
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adopted  for  the  purpose  was  to  simply  pass  a  current  of  dried 
air  through  the  oil  at  a  temperature  of  200-260°  C.  for  a  num- 
ber of  hours.  The  oil  became  heavier,  having  a  specific  grav- 
ity of  .96,  and  changed  its  color  to  a  reddish  shade,  resembling 
that  of  "golden  oil."  It  was  thick  and  viscid  and  in  odor  re- 
sembled hot  lard.  The  sodium  salt  from  this  oil  also  had  a  red- 
dish color  and  differed  from  the  soap  from  the  original  corn  oil 
in  that  it  was  readily  soluble  in  hot  sodium  or  potassium  hy- 
droxides. The  free  acid  from  this  salt  was  a  reddish-yellow 
oil,  thick  and  jelly-like  up  to  17°  C.  Its  specific  gravity  at  30° 
was  .93.  Unlike  the  original  acids  from  the  corn  oil,  it  was 
readily  soluble  in  cold  alcohol.  From  its  general  behavior  and 
characteristics,  it  was  undoubtedly  oxy-oleic  acid. 

The  reduction  of  the  oil  by  means  of  metallic  magnesium  in 
a  digester,  under  high  pressure  and  temperature,  was  not  suc- 
cessful in  changing  the  composition  of  the  fatty  acids  but  result- 
ed in  a  very  good  magnesium  salt  of  these  acids.  The  salt  was 
fairly  well  crystallized,  of  a  j^ellowish-white  color,  and  was  ob- 
tained after  heating  the  oil  with  magnesium  powder  to  206° 
C.  and  a  pressure  of  20  atmospheres.  This  salt  was  insoluble 
in  alcohol  and  water  but  readily  so  in  ether.  At  a  temperature 
of  about  100°  C,  it  conglutinated  but  did  not  melt.  This  pre- 
sumably was  magnesium  oleate,  and  the  method  for  its  prepar- 
ation seems  to  be  an  entirely  new  one,  according  to  any  litera- 
ture on  the  subject  which  has  been  available. 
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LATITUDE. 

BY   PROFESSOR   WILLIAM  R.   HOAG. 

[By  altitudes  of  the  son  near  the  meridian,  employing  a  graphical  chart  for 
increasing  the  accuracy.] 

In  the  determination  of  terrestrial  latitude  the  instruments, 
methods  and  plans  of  reduction  employed  are  as  varied  as  the 
demands  placed  upon  such  knowledge;  the  choice  being  gov- 
erned largeh'  by  the  degree  of  accurac^^  required.  In  explora- 
tion and  reconnaissance,  the  nearest  five  minutes  of  arc  fre- 
quently being  sufficient,  we  find  the  pocket  sextant  well  suited 
to  such  needs.  A  single  observation  on  the  sun  or  star  at  mer- 
idian passage  with  no  correction  for  refraction  will  give  the  de- 
sired accuracy-.  For  purposes  of  navigation  and  for  use  wath 
the  solar  compass  the  latitude  is  gained  within  about  a  minute 
using  the  telescopic  sextant  on  ship-board  and  the  engineer's 
transit  or  solar  compass  on  land. 

In  geodetic  work  as  the  inauguration  of  a  system  of  trian- 
gulation,  or  the  establishment  of  a  boundary-  line  between  two 
countries  the  highest  accuracy-  is  desirable,  and  the  nearest 
tenth  of  a  second  is  secured  by  the  zenith  telescope,  emplo3'ing 
a  large  number  of  observations  together  with  an  elaborate 
plan  of  reduction. 

The  Civil  Engineer  is  sometimes  called  upon,  in  taking  up  a 
detached  piece  of  topographic  work  or  in  locating  certain  prom- 
inent political  stations  for  purposes  of  mapping,  to  establish 
latitude  within  5  or  10  seconds. 

A  small  zenith  telescope,  with  the  Talcott  method  of  ob- 
serving, will  enable  the  engineer  to  secure  this  accuracy.  This 
instrument  is  rareh'  accessible  and  its  cost,  $300,  forbids  its 
addition  to  his  instrumental  outfit.  It  is  proposed  in  the  fol- 
lowing article  to  show  how  the  engineer,  with  his  ordinary- 
transit,  can  easily  establish  his  latitude  within  10  seconds  and 
with  the  aid  of  a  sextant,  a  comparativeh'  common  instru- 
ment costing  about  $75,  he  can  determine  it  within  3  to  5 
seconds. 
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The  scheme  in  a  somewhat  less  elaborated  form  is  substan- 
tially what  we  developed  several  years  ago  and  have  since  used 
with  the  classes  in  Geodesy  and  in  the  practical  work  of  the 
State  Topographical  Survey,  securing  a  degree  of  accuracy  in 
most  cases  within  the  limits  named  above.  The.  basis  of  accu- 
racy in  all  physical  measurements  is  repetition.  When  the  func- 
tion to  be  determined  is  constant,  as  a  geodetic  angle  or  the 
length  of  a  standard  bar,with  the  determining  observations  all 
made  under  equally  favorable  conditions,  the  simple  arithmetic 
mean  of  all,  /'.  e.  the  average,  is  the  best  value  which  can  be 
given  to  the  function  based  upon  such  observations.  When  we 
have  a  uniformly  varying  function,  as^the  rod  intercept  for  dif- 
ferent distances  from  the  transit,  in  stadia  work,  or  velocity  of 
water  corresponding  to  varying  angular  velocity  of  the  cur- 
rent meter  exposed  to  its  action,  we  can  readily  determine  the 
equation  between  the  two  dependent  variables  by  plotting  the 
one  along  the  axis  of  X and  thesecond  along  the  Y  axis.  These 
plotted  observations  will  give  a  series  of  points  agreeing  with 
a  straight  line  in  so  far  as  the  observations  are  perfect,  and  a 
straight  line  adjusted  to  agree  most  nearly  with  all,  giving  to 
each  its  due  weight,  determines  the  relation  sought. 

In  case  the  equation  between  the  two  variables  is  above 
the  first  degree,  the  plotted  points  give  a  curved  line  and  we  can 
no  longer  employ  the  usual  methods  for  obtaining  graphically 
a  mean  value  of  the  function. 

A  glance  at  the  conditions  involved  in  our  problem  shows 
that  we  have  this  last  form  of  relation  present,  and  to  avail 
ourselves  of  the  desirable  feature  of  multiple  observations  we 
must  devise  a  plan  to  treat  these  observations  giving  a  curved 
locus,  after  the  manner  of  the  right  line  with  the  simple  direct 
variables  or  the  arithmetic  mean  in  case  the  desired  constant  is 
capable  of  direct  measurement. 

Figure  1  represents  the  sun  at  meridian  passage  or  at  ap- 
parent noon.  By  observing  the  altitude  of  the  sun  at  this  time 
and  subtracting  from  it  the  sun's  declination  we  readily  obtain 
the  co-latitude  and  hence  the  latitude  of  the  place. 

The  usual  plan  of  observation  with  this  method  is  to  follow 
the  sun  in  altitude  with  the  instrument  to  its  highest  point  and 
accept  this  one  determination  as  its  altitude  at  meridian  pas- 
sage and  from  this  deduce  the  latitude. 

This  method  is  not  only  wrong  in  theory,  since  the  sun  is 
not  at  its  maximum  altitude  at  meridian  passage,  owing  to  its 
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change  in  declination,  but  it  violates  the  fundamental  principle 
touching  repetition  of  obserA-ations  in  permitting  but  one  ob- 
servation to  be  taken. 

Now,  if  instead  of  idh'  watching  the  sun  in  its  change  of 
altitude  during  the  ten  or  fifteen  minutes  preceding  its  passage 
and  about  an  equal  time  after,  to  make  sure  that  it  has  passed, 
let  the  observer  make  independent  observations  for  altitude  as 
frequenth^  as  careful  work  will  permit,  noting  the  watch  time 
of  each  observation.  With  the  sextant  the  interval  need  not 
be  greater  than  one  minute  of  time  and  not  more  than  two 
and  a  half  minutes  when  the  transit  is  used.    This  extra  time 
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is  required  in  using  the  transit  in  the  direct  and  reversed  posi- 
tion to  eliminate  instrumental  errors. 

When  accuracy-  exceeding  five  seconds  of  arc  in  latitude  is 
desired  the  sextant  must  be  employed  on  two  or  three  success- 
ive da\'s,  observing  on  alternate  limbs  of  the  sun  each  day  to 
eliminate  personal  error  of  contact. 

Of  course  when  this  degree  of  accuracy  is  desired  the  sextant 
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must  be  in  precise  adjustment,  with  its  index  and  eccentricity 
errors  accurately  known,  and  the  refraction  errors  of  its  shade 
glasses  equally  well  determined,  should  these  be  used  instead  of 
the  eye-piece  shade. 

We  now  plot  these  observations  for  altitude  using  the  mean 
of  each  direct  and  reverse  measure  with  the  transit  as  one  ob- 
servation, laying  oif  time  on  the  axis  of  X,  and  altitude  as  Y 
ordinates.  ' 

Figure  2  exhibits,  according  to  this  plan,  the  observations 
taken  at  Pipestone,  August  20,  1895,  with  a  Troughton  & 
Simms  transit  reading  to  ten  seconds.  Each  plotted  observa- 
tion is  the  mean  of  a  direct  and  reverse  observation. 

Now  if  we  had  a  curve  plotted  to  the  same  scale  represent- 
ing the  true  altitude  of  the  sun  during  the  whole  time  covered 
by  these  observations,  by  applying  it  to  the  observation  curve 
we  have  the  same  ability  to  determine  its  true  position  relative 
to  the  plotted  observations  as  in  the  case  of  the  straight  line. 
The  adjusted  position  of  the  true  curve  shows  the  true  altitude 
of  the  sun  during  the  time  covered  by  the  observations  as  a 
function  of  latitude  and  reading  it  for  the  instant  of  noon  shown 
by  the  central  Y  axis  of  the  curve  we  have  the  altitude  and 
from  it  the  latitude  desired.  We  will  now  develope  a  plan  for 
easily  constructing  this  true  curve. 

Figure  3  shows  the  spherical  triangle  involved,  SPZ,  in 
which  we  wish  to  study  the  changes  coming  to  ZS  consequent 
upon  changes  to  oc  (the  hour  angle),  and  SP,theco-declination, 
with  ZP  a  constant. 

The  fundamental  equation  involving  these  parts  written 
out  for  this  spherical  triangle  becomes, 

cos.p  =  cos.;?cos.s  +  sin..^sin.s  cos.  a 

By  substituting  in  this  formula  the  s  and  different  values  of  a 
and  the  corresponding  values  of  z  covering  the  desired  time  be- 
fore and  after  noon  we  can  determine  p  for  the  several  values 
of  a  which  passing  to  the  co-functions  enables  us  to  construct 
the  true  curve. 

This  method,  however,  is  seen  at  once  to  be  laborious  re- 
quiring the  use  of  an  equation  not  adapted  to  logarithmic  com- 
putation and  further  by  requiring  the  determination  of  the  full 
function  a  7-place  table  must  be  used  and  must  be  entered 
nine  times  for  each  substitution  or  about  fifty  times  in  all  in  de- 
termining nine  points  of  the  curve. 
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To  construct  this  curve  we  do  not  need  the  whole  function 
o,  but  only  the  changes  coming  to  it.  Hence  if  we  differentiate 
the  equation  above  with  respect  to  p  and  oc  regarding  z  and  s 
as  constants,  the  latter  is  such  as  has  been  noted  and  z  can  be 
regarded  so  for  the  present  since  the  maximum  change  which 
can  come  to  it  is  less  than  15  seconds,  we  shall  obtain  the  rela- 
tive change  between  these  variables  which  we  desire.  Even  the 
15  seconds  will  not  remain  an  outstanding  error  since  in  plat- 
ting the  final  curve  we  shall  employ  oblique  axes  to  take  ac- 
count of  this  declination  change. 

Differentiating  equation  ( 1 )  gives 

— sin.pdp^ — sin.^sin.ssin.  or  d  Qc  (2) 

dp        sin.zsin.s  sin.  a  .„. 

or        -r^  = -■ (3) 

da  sm.p 

Equation  (3)  expresses  the  rate  at  which  p  is  changing 
relative  to  a  for  any  given  value  of  or  and  p.  Calling  this 
curve  a  circular  arc  which  it  is  sensibly  within  the  limits  we 
use,  i.  e.,  four  degrees  from  the  center,  we  can  make  this  equa- 
tion express  the  fiiU  change  coming  to  p  for  a  given  d  a  by 

writing  the  equation  for  -^  instead  of   oc   since  at  tlie  middle 

point  of  the  arc,  the  curve  being  circular,  the  ratio  change  be- 
tween dp  and  d  a  is  the  half  of  what  it  is  at  oc  or  for  this  point 
p  and  cc  are  having  their  mean  relative  change. 

A  rigid  substitution  in  Eq.  (3)  would  of  course  require  that 
p  corresponding  to  each  oc  be  used.  To  callp  uniformily  ZS 
can  introduce  as  a  maximum  error  to  p  about  4  seconds  of  arc. 
This  occurs  onh-  near  the  outer  limits  of  the  curve,  and  if 
thought  necessary  even  this  can  be  eliminated. 

Equation  (5)  for  our  use  then  becomes 

,  .        sin.  s  sin.  l^oc   ,  ,,s 

dp^sin.  z -. — doc  (4?) 

^  sm.  p 

an  equation  adapted  to  logarithenic  computation  and  dealing 
with  the  correction  onU'. 

To  make  one  substituuon  in  this  formula  requires  the  use 
of  the  table  six  times.  If  we  desire  nine  points  in  the  curve,  by 
allowing  for  no  declination  change,  except  in  the  plotting,  the 
curve  as  computed  is  S3'mmetrical,  hence  the  vertex  point  and 
four  on  one  side  will  give  the  whole  curve.  The  vertex  point 
falls  on  the  axis  of  X  since  it  is  for  oc  =  0.  This  reduces  the 
needed  substitutions  to  four  and  as  z,  s  and  p  remain  constant 
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throughout  the  four,  the  additional  substitutions  require  but 
three  logarithms  each.  This  gives  our  curve  complete  with  nine 
points  fixed  by  using  the  table  but  fifteen  times.  One  case  of 
such  reductions  w^ill  show^  how  this  work  can  be  further  reduced 
one-half. 

Let  it  be  required  to  determine  the  true  curve  for  the  24th 
of  August,  1895,  in  latitude  43°  58' — declination  on  that  date 
being  10°56'  north. 

This  is  the  date  on  which  the  observations  were  taken  at 
Pipestone  platted  in  Fig.  2. 

We  then  have  z  =  79°  .04',  s  =  46°.01',  p  =  z—s  —  33°.03' 
and  we  assume  for  oc  the  successive  values  of  1°,  2°,  3°  and  4° 
and  d  a — letting  the  minute  be  the  unit — will  equal  60,  120, 
180  and  240. 

This  substitution  is  best  followed  by  the  following  tabular 
form: 

Log.  sin.  79°04' 9.992044 

Log.  sin.  46°01' ! 9.856934 

Log.  sin.  (a.c.)  33°03' 0.263308 

0.112286(c) 


V2(x.  log.  sin.  (a)        d  a 

log.  (b) 

(a)+(b)+(c)       Minutes 

Seconds 

30'  7.940842 
1°        8.241855 
1°30'  8.417919 
2°        8.542819 

60 
120 
180 
240 

1.778151 
2.079181 
2.255273 
2.380211 

9.831279              .6781 
0.433322            2.712 
0.785478            6.101 
1.035316          10.847 

40.68 
162.72 
366.11 
650.62 

We  notice  that  these  values  are  very  nearly  proportional  to 
1,4,  9,  16,  showing  the  curve  to  be  closel3''  parabolic.  This 
gives  the  second  order  differences  uniform  and  enables  us  to 
readily  interpolate  eight  additional  points  on  the  curve,  mak- 
ing 17  in  all.    Thus : 

Thus  one  substitution  requiring  the  use  of  the  table  six 
times  readily  gives  us  seventeen  points  on  the  curve,  quite  suf- 
ficient for  the  most  exact  construction. 

The  following  table  has  been  made  using  equation  (4)  and 


10.2 

10.2 

40.7 

30.5 

20.3 

91.5 

50.8 

20.3 

162.7 

71.2 

20.4 

254.2 

91.5 

20.4 

366.1 

111.9 

20.3 

498.3 

132.2 

20.3 

650.9 

152.5 

Latitude. 
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checked  at  interv-als  with  (1)  and  gives  this  value  of  dp  for 
:)c  =1^  for  10°  of  north  latitude,  i.  e.,  from  40"  to  50"  and  the 
full  range  of  the  sun's  declination. 

TABLE 

Showing  the  difference  between  the  altitude  of  the  sun  at  apparent  noon  and  at 
four  minutes  before  or  after  noon,  neglecting  declination  change. 

LATITUDE. 

x'th :        \         \        ]        \        ,  '    i        i        r      i 

Decli-    4-0°   i   41= 
nat  'n 


42^      43=      44=      45=      46°   |   47°   i   48°   |  49= 


50° 


25 

84.2  i  77.8 

72.1 

67.1  i  62.7     58.8 

55.2 

! 
51.8  '■  48.6 

45.7 

43.2 

20 

66.0  1  62.1 

58.5 

55.2  i  52.1     49.1 

46.7 

44.4     42.2 

40.1 

38.0 

15 

54.5  •  51.8 

49.3 

46.9     44.7     42.6 

40.8 

39.1   i  37.4 

35.7 

34.1 

10 

47.3  !  45.2 

43.3 

41.5     39.7     38.1 

36.5 

35.1     33.7 

32.3 

30.9 

o 

41.8     40.1 

38.6 

37.1     35.7     34.4 

33.0 

31.7     30.6 

29.5 

28.4 

0 

37.4     36.1 

34.9 

33.7  ;  32.6     31.5 

30.4 

29.3     28.3 

27.3 

26.3 

So'th 

i 

5 

33.9     32.7 

31.6 

30.7     29.8 

28.9 

27.9 

27.0     26.1 

25.3 

24.5 

10 

30.9     29.9 

29.0 

28.2  i  27.4 

26.7 

25.8 

25.0     24.2     23.5 

22.9 

15 

28.3  1  27.5 

26.8 

26.1     25.4 

24.8 

24.1 

23.4     22.7  :  22.1 

21.5 

20 

26.0     25.3 

24.7 

24.1  .  23.5 

23.0 

22.4 

21.8     21.2     20.7 

20.2 

25 

24.0     23.4 

22.8 

22.3  i  21.8  :  21.4 

20.8 

20.3     19.8     19.4 

19.0 

The  value  taken  from  the  table  for  the  latitude  of  the  place 
and  the  declination  of  the  sun  and  multiplied  by  the  following 
numbers— %,  1,  2^4,  4-,  6%,  9,  12^4  and  16  gives  the  ordinates 
of  the  true  curve.  Entering  the  table  for  the  case  which  has 
been  anah'ticalh-  determined  above — Lat  43°  59',  Dec.  10°  56 — 
gives  40.66.  Using  the  multipliers  M,  1,  2%,  etc.,  gives  for  the 
ordinates  of  the  curve  10.2,  40.7,  91.5,  162.6,  254.1,  366.0, 
498.2,  650.6.    This  shows  a  sufficienth-  close  agreement. 

For  the  sun  near  the  meridian  we  can  call  the  change  in 
declination  so  much  change  in  altitude  and  apply  it  with  the 
proper  sign  to  the  quantities  above.  Thus  on  the  date  of  our 
observations  the  sun  was  passing  south  at  the  rate  of  52"  per 
hour  or  1.7"  per  each  2  minutes  of  time  to  which  our  ordinates 
above  correspond. 

This  gives  the  following  corrections :  1.7,  3.4,  5.2, 6.9, 8.6, 
10.4,  12.1,  13.9.  These  are  to  be  applied  with  the  minus  sign 
to  correct  the  forenoon  ordinates  and  with  the  plus  sign  to  the 
afternoon  ordinates  when  they  are  to  be  laid  off  from  the  rect- 
angular axis. 

B^- drawing  the  oblique  axis  ab  (Fig. 4)  first,  the  original 
ordinates  can  be  used  and  set  off  from  this  axis,  thus  using  the 
same  ordinate  for  equal  time  before  and  after  meridian  passage. 
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In  constructing  the  true  curve  we  have  taken  no  account  of 
differential  refraction  which  would  tend  to  slightl3'  flatten  the 
curve.  In  latitude  45°  this  error  would  be  greatest  when  the 
sun  was  at  the  winter  solstice  and  would  then  be  0.6'^  and  this 
affects  only  the  outer  portions  of  the  curve.  For  all  work  done 
during  the  summer  months  this  error  is  less  than  0.2'''. 
Reading  the  plat  shows  the  sun's  apparent  altitude 

at  meridian  passage  to  be '. 57°  1^54'' 

Refraction  (corrected) SS'' 

True  altitude 57°   VIQ'' 

Declination 11°  1'17'' 

Zenith  distance 45°59'59'' 

Latitude , 44°00'0r' 
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GROUND  DETECTION  ON  ELECTRIC  CIRCUITS. 

BY  H.  M.  WHEELER,  '96. 

1.  Lines  in  General.  Grounds  ma\' often  be  detected  by  the 
eye.  When  the\'  are  caused  by  swinging  contacts  or  by  broken 
or  "down"  wires,  a  ver\'  little  observation  is  generally  sufficient 
to  locate  the  faulty  place ;  while  in  many  cases,  faults  in  the  in- 
sulation, blackening  of  woodwork,  and  fusing  of  metallic  con- 
ductors are  all  immediately  patent  and  require  no  special 
instruments  for  their  detection. 

2.  The  most  common  method  of  detecting  grounds  is  by 
the  use  of  the  magneto.  This  is  applicable  to  overhead  circuits  ; 
but  does  not  give  reliable  results  on  underground  circuits,  sub- 
marine cables,  or  any  circuits  which  contain  condensers  or  a 
large  amount  of  distributed  capacity-.  The  line  to  be  tested 
must  be  "idle"  and  disconnected  from  all  other  lines  and  the 
earth.  The  magneto  leads  are  connected  to  the  line  and  to  the 
earth  respectively.  If  on  turning  the  handle  the  bell  rings,  the 
insulation  resistance  of  the  line  is  not  >10,000  to  25,000  ohms 
and  the  line  is  probably  grounded.  The  line  is  now  broken  at 
the  joints  and  the  sections  tested  separately.  Then  the  ground- 
ed sections  are  examined  foot  b\-  foot  until  the  exact  spot  is 
located.  If  the  line  is  ver\-  long,  distributed  capacity  max-  cause 
the  bell  to  ring  when  there  is  no  ground.  In  such  a  case  it  is 
well  to  use  an  ordinar3'  electric  bell,  oragalvonometer,  withthe 
direct  current  from  a  battery-  or  small  dynamo, the  batterv-and 
bell  being  in  series  and  the  test  carried  out  as  before. 

3.  Central  Station  Indicator  for  D.  C.  Constant  Potential 
Circuit.^  The  connections  are  shown  in  Fig.  (1).  L  and  L' 
are  two  incandescent  lamps  of  equal  candle  power  joined  in 
series  parallel  to  the  mains,  the  sum  of  the  normal  voltages  of 
L  and  1/  being  equal  to  that  of  the  dynamo.  Ggf  is  a  ground 
connection  through  the  galvanometer  (or  bell)  g.  When  there 
is  no  ground  on  the  mains,  the  galvanometer  deflection  is  nil 
and  L  and   L'  have  equal  brilliancy.     When  either  main  is 

1  Abbott:   Electrical  Transmission  of  Energy,  pp.  219,  220. 
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grounded,  the  lampon  its  sideburns  less  brighth',  being  shunted 
around  b^'  the  ground  current,  and  the  galvanometer  needle  is 
deflected.  While  this  method  gives  continuous  and  automatic 
indication  of  grounds,  it  is  objectionable  from  the  fact  that  the 
permanent  ground  causes  a  constant  and  unnecessar\'  strain  on 
the  insulation,  and  insures  a  ground  current  through  anyone 
touching  the  line.  These  objections  are  obviated  by  using  a 
switch  at  fand  testing  at  stated  intervals. 

4.  Central  Station  Indicator  for  A.  C.  Constant  Potential 
Circuits.^  In  Fig.  (2)  the  transformers  T  and  T'  have  one  end 
of  their  primarx^  coils  connected  to  the  mains  A  and  B  respect- 
ively', while  the  other  ends  can  be  grounded  through  the  switch 
S.  Across  the  secondary  coils  are  the  lamps  L  and  L'.  If  on 
grounding  T,  there  is  aground  on  B,  the  ground  current  through 
the  transformer  will  render  L  incandescent.  A  ground  on  A  is 
indicated  when,  upon  grounding  T',  L'  becomes  bright. 

5.  A  still  better  method  which  gives  continuous  and  auto- 
matic indication  of  grounds  is  shown  in  Fig.  (3). 

C  and  Care  small  condensors,  M  is  a  telephone  receiver  (or 
an  electric  bell  with  polarized  coil  )  When  either  main  is 
grounded  the  telephone  sets  up  a  continuous  hum.  If  on  break- 
ing the  circuit  at  S  the  hum  still  continues,  A  is  grounded.  In 
tne  same  wa3'  break  circuit  at  P  to  test  B. 

6.  Mr.  E.  M.  Bentley's  Ground  Detector  for  Electric  Rail- 
way and  Powder  Circuits.^  In  Fig.  (4),  full  line  switches  show 
ordinary-  series  double  metallic  power  circuit.  Move  switches 
to  dotted  position  and  send  a  pulsating  or  alternating  current 
through  the  mains  (now  in  parallel)  and  the  ground  GG'. 
Carry  a  coil  attached  to  a  telephone  receiver  along  the  line  and 
notice  the  humming.  At  grounded  points  G',  the  humming 
suddenly  ceases  owing  to  the  disappearance  of  the  current  into 
the  earth.  Hence  grounds  are  easih-  located  by  this  method. 
The  coil  and  telephone  arrangement  ma^-  be  used  in  locating 
grounds  in  regular  alternating  circuits  or  in  tracing  the  same 
where  the  wires  are  behind  the  plastering  or  under  the  floors 
as  in  a  house. 

7.  Mr.  M.  D.  La  w's  Method  ofLoca  tingGrounds  on  Arc  Cir- 
cuits,^ Fig.  (5).  At  the  left  is  a  bank  of  incandescent  lamps, inse- 
ries,  with  one  terminal  grounded.    The  lamps  are  taken  of  such 

ilbid.  pp.  220.  221. 
^Electrical  World,  XIII ;  p.  214. 
^Electrical  Worid,  XIX;  p.  160. 
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voltage  as  to  be  a  multiple  of  the  average  drop  between  con- 
tiguous arc  lamps,  while  their  total  resistance  is  such  that  all 
just  come  up  to  normal  candle  power  when  connected  directly 
across  the  mains.  To  test  for  grounds  make  connection  as 
shown  and  move  the  arm  S  till  the  grounded  lamps  just  come 
up  to  candle  power.  Next  disconnect  S  from  A  and  join  to 
—  terminal  B  and  move  S  as  before.  If  the  sum  of  the  lamps 
brought  up  to  candle  power  in  the  two  tests  equals  total  num- 
ber of  lamps  in  bank,  the  arc  circuit  is  "dead"  grounded  at  a 
point  G'  distant  from  A  such  that 

G'A no.  lamps  lighted  in  first  test 

G'B       no.  lamps  lighted  in  second  test 

If  the  sum  of  the  lamps  lighted  in  the  two  tests  does  not  equal 
total  number  in  the  bank,  the  ground  is  only  partial ;  but  the 
above  proportion  is  still  approximately  true. 

A  modification  and  improvement  upon  this  method  has 
been  made  by  Mr.  E.  E.  Stark. i 

8.  The  Rudd  Automatic  Ground  Alarm  for  Arc  Light  Sta- 
tions,^ Fig.  (6).  Two  condensers,  C  and  C,  are  joined  across 
the  mains  with  a  common  ground  connection  through  the  mag- 
net coil  M.  For  normal  conditions  on  the  arc  circuit  no  cur- 
rent passes  through  M  and  the  coil  is  neutral ;  but  when  a 
ground  occurs,  the  sudden  change  in  voltage  sends  a  momentary 
pulsating  current  through  M.  This  energizes  the  coil  which 
attracts  a  trigger,  thus  loosening  a  shutter  S,  which  falls  and 
completes  a  second  circuit  consisting  of  a  bell  and  one  cell.  The 
bell  rings  and  continues  till  the  attendant  breaks  its  circuit. 
The  ground  may  now  be  located  by  Mr.  Law's  method  or  by 
the  bridge  method  exploited  by  the  Western  Electric  Company, 
Chicago,  who  manufacture  the  ground  alarm. 

9.  Ground  Detection  on  the  Minneapolis  Fire  Alarm  Sys- 
tem, Fig.  (7). 3  The  alarm  boxes  are  in  series  with  the  battery 
as  shown.  When  there  is  no  ground  the  galvanometer  shows 
no  deflection  if  the  switch  s  is  moved  to  a  or  b.  If  there  is  a 
ground  at  k,  the  galvanometer  will  be  deflected  when  the  switch 
is  in  contact  with  b  or  a,  and  the  corresponding  deflections  will 
be  proportional  to  the  distances  k+  and  k — .  Hence  we  have  a 
rough  method  of  determining  where  the  ground  is. 

^Electrical  Engineer,  vol.  XIV,  p.  25. 

^Electrical  World,  vol.  XIV,  p.  131. 

3In  Fi^.  (7),  test  wires  a  and  h  should  be  directly  across  terminals  of  batterv. 
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10.  Since  the  freedom  of  anv'  circuit  from  grounds  depends 
primarily  upon  the  insulation,  an  easy  method  of  detecting  a 
ground,  or  leak,  is  to  measure  the  insulation  resistance  of  the 
line  in  question.  If  this  insulation  resistance  is  found  to  be 
some  high  figure,  depending  upon  the  requirements  of  the  case, 
the  line  is  considered  all  right ;  a  certain  minimum  insulation 
resistance  being  deemed  sufficient.  The  ground  is  "partial"  be- 
low this  limit,  and  becomes  "dead"  when  the  insulation  resist- 
ance equals  zero.  The  following  methods  deal  with  the  detec- 
tion of  grounds  through  measurement  of  insulation  resistance. 

11.  The  Voltmeter  or  ''Drop''  Method.^  This  method  may 
be  used  to  measure  the  insulation  resistance  of  a  line  to  the 
earth,  of  armature  or  field  coils  to  the  frame  or,  in  fact,  of  any 
conductor  to  another;  it  requires,  however,  for  its  operation, a 
direct  current.  A  voltmeter  of  known  resistance  R  is  connected 
across  the  dynamo  terminals  (Fig.  8),  and  the  voltage  V  is 
noted ;  next  the  —  lead  of  the  voltmeter  is  grounded  and  the 
reading  "~V  is  noted. 

Since  the  same  current  passes  through  the  voltmeter  and 
the  ground 

L  =  -^^  = —5 —  ,  where  — R  is  the  m- 

sulation  resistance  of  the  —  side. 

Whence,  -R  =    ^  Ty"^  R 

In  the  same  way  (Fig.  9)  the  resistance  of  the  +  side  is 

Y  —  +V  „ 

found,  and  +R  =  — xy —  K- 

For  a  voltmeter  of  R  =  20,000  ohms,  a  110  volt  circuit,  and 
the  voltmeter  readable  to  i/io  volt,  no  deflection  means  that 

R  >  ^^Q~ -^20,000  or  21,980,000 ohms. 

In  the  same  wa^-  values  of     R  may  be  calculated  for  different 

values  of  V  and  the  results  maA'  be  written  in  megohms  op- 
posite their  corresponding  scale  readings.  Of  course,  in  further 
tests,  the  voltage  V  must  be  that  on  which  the  table  was  based. 

12.  The  Insulation  Resistance  of  Storage  Batteries.^  Sup- 
pose three  storage  cells  in  series  to  be  grounded  at  Ai, 
A2,   A3,    etc.      Connect    any    point    A    through    a    sensitive 


^Electrical  Engineer,  Vol.  X,  p. 687. 
^London  Electrician,  XXX Y,  p.  855. 
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high  resistance  galvanometer  in  series  with  an  ammeter  to  the 
earth,  choosing  A  such  that  there  is  a  large  readable  deflection 
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of  the  needle.  Now  add  resistance  in  series  to  the  galvanometer 
till  the  deflection  is  reduced  to  one-half  its  first  value.  If  c  = 
current  for  a  galvanometer  and  ammeter  resistance  g,  and  c"  is 
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current  in  the  second  case  for  a  total  resistance  g';  then  the 
total  insulation  resistance  of  the  battery  is 

R  — eg  — cV 
c'  —  c 
For  proof  of  this  see  original  article.    This  method  may  also  be 
used  for  measuring  the  total  insulation  resistance  of  a  compli- 
cated network,  such  as  a  three  or  five  wire  system. 

13.  For  those  desirous  of  further  information  on  the  sub- 
ject of  insulation  resistance,  reference  may  be  made  to:  Maj. 
Cardew's  method  of  using  the  electrometer,^  Mr.  Carl  Hering's^ 
description  of  methods  of  testing  wire  cables  before  leaving 
the  factory ;  The  U.  S.  Government  tests^  and  others.* 

14.  To  Identify  Cables  at  Any  Point  in  a  Conduit.^  Ground 
the  desired  cables  at  one  end,  disconnect  and  keep  insulated 
from  each  other  all  other  terminals  at  both  ends  of  the  conduit. 
With  a  sharp  needle  point,  connected  to  a  galvanometer  which 
is  grounded  through  a  batter^-,  make  connections  successively 
with  the  cables  at  the  required  point  by  piercing  the  insulation. 
The  cables  which  cause  a  deflection  of  the  galvanometer  when 
so  touched,  are  those  required,  provided  the  cables  were  not 
alread3'  "grounded  or  crossed."  To  determine  which  cable  in 
a  conduit  is  grounded^,  make  connections  as  in  Fig.  (10),  the 
circuits  being  open  at  both  ends.  Ground  the  galvanometer 
through  a  battery  as  shown  and  touch  its  other  terminals  to 
the  various  cable  ends.  When  the  terminals  of  the  grounded 
cables  are  touched,  the  needle  will  be  deflected.  In  case  two  or 
more  cables  are  "crossed, "^  connect  as  in  Fig.  (11).  Detach  A 
join  to  T.  If  A  is  crossed  with  an^-  other  cable  the  needle  will 
be  deflected,  if  not  mark  A  and  try  another.  Those  cables  which 
cause  deflections  are  crossed. 

15.  To  identify  the  terminals  of  a  cable  when  several  of  the 
cables  in  the  conduit  may  be  grounded — method  of  H.  W.  Fish- 
er.*  In  Fig.  (12)  a  and  bare  any  two  cable  terminals  at  opposite 
ends,  the  rest  of  the  terminals  being  open.  A  good  wire  whose 
terminals  are  known  is  connected  as  shown.     Balance  R  on  the 


^Electrical  World,  Vol.  XIX.  p.  197. 

^Electrical  World,  Vol.  XVII.  p.  188. 

^Electrical Review,  Vol.  XXIV,  p.  126. 

*H.  W.  Fisher,  Electrical  World,  Vol.  XVII,  p.  482. 

^Electrical  World,  Vol.  XVII,  p.  481.        eibid.        ^ibid. 

^Electrical  World,  Vol.  XVII I.  p.  6. 
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bridge  till  the  galvanometer  deflection  is  0  and  then  reverse  bat- 
tery switch.  If  there  is  still  no  deflection,  a  and  b  are  terminals 
of  the  same  cable.  If  not  b  is  disconnected  and  replaced  by  an- 
other terminal  and  the  same  thing  tried  again.  This  method  is 
fairly  accurate. 

16.  To  locate  the  ''ground"  in  a  cable  ;i  where  two  good 
wires  whose  terminals  end  near  those  of  the  cable  are  access- 
able — this  being  a  very  accurate  method.  The  instruments  ne- 
cessary are:  AWheatstone  Bridge,  Thomson  Reflecting  Galvan- 
ometer, battery  and  two  lead  wires  of  equal  resistance. 

1st.   Measure  carefully  the  resistance  of  the  lead  wires. 

2nd.  Measure  carefully  the  resistances  in  series  as  shown  in 
Figs.  (13),  (14),  (15). 

Let  Res.  of  Fig.  (13)  be  K.    1  =  resistance  of  one  lead  wire. 

Let  Res.  of  Fig.  (14)  be  K'    [c  =^  resistance  of  the  cable  C]. 

Let  Res.  of  Fig.  (15)  be  K'^  g=resistanceof  first  good  wire. 

g'^  resistance  of  2nd  good  wire. 

^,               K  +  K'-K''-21 
Then  c  = ^ 

3rd.  Make  connections  as  in  Fig.  (16),  where  B  and  A  are 
bridge  arms ;  g  is  first  good  wire,  C  is  grounded  at  S,  a  and  b 
being  the  respective  resistances  of  the  parts  of  the  cable  on 
either  side  of  S. 

It  is  now  evident  that  we  have  a  bridge  PQST  such  that  for 
no  deflection  QS  :  PQ  =  TS  :  PT,  substituting  values  from  the 
figure, 

(a  +  l  +  R)  :B  =  (b  +  g  +  l)  :  A,  butc  =  b  +  a, 

.'.     (a  +  l  +  R)  :B  =  (c-a  +  g  +  l)  :  A, 

anda=^i^+^+il^l^-l-R 
A 

_  B(c  +  g  +  l)  — A(l  +  R)       Ba 

A  A 

_  B(c  +  g  +  l)-A(l  +  R) 


A  +  B 
but  from  Fig.  (13),    K=c  +  g  +  21, 

_B(K-1)-A(1  +  R)     -    ,  .  ,     11 
.   .    a  — .  -p   ^, or  which  all  quan- 
tities are  now  known.    If  D  =  length  of  cable  C,  then — D  is 
the  distance  which  the  ground  S  is  from  the  measuring  end. 
Mbid. 
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To  check  this  value  of  a,  reverse  the  leads  1,  as  shown  by  dot- 
ted lines  (Fig.  16),  when  for  no  deflection,  as  before, 

QS:PQ  =  TS:PT,  or(R'  +  l+g  +  b)  :B  =  (a  +  l)  :  A 

_^,_A(R'  +  l  +  g  +  b)         , 
a  +  l=-^ g-^ '-,        b  =  c  — a 

_  A(R'  +  c  +  g  +  l)  — Aa  — Bl 
a-  g 

^  A(R^  +  c  +  g  +  l)-Bl 
A  +  B 
butK=c  +  g  +  21 

_A(R^  +  K— 1)  — Bl 
•        ^~  A+B 

These  values  of  a  should  check  very  closely. 

The  author  gives  also  the  method  of  procedure  where  onl^' 
one  good  wire,  or  no  wire  at  all,  is  accessible ;  also  where  the 
cable  is  composed  of  two  spliced  cables  of  different  diameters. ^ 

17.  Determination  of  the  Terminals  of  Crossed  Wires.^ 
Given  two  crossed  wires  in  the  same  conduit  and  one  good  wire 
whose  terminals  are  known. 

Let  1  and  2  be  crossed  wires'  terminals  at  testing  end. 

Let  3  and  4  be  crossed  wires'  terminals  at  other  end. 

Let  5  and  5  be  good  wire's  terminals  at  ends. 

At  testing  end  join  bridge  leads  to  5  and  1 ;  at  other  end 
join  5  and  3,  find  Res.  =  R'. 

At  testing  end  join  bridge  leads  to  5  and  1 ;  at  other  end 
join  5  and  4,  find  Res.  =  R". 

At  testing  end  join  bridge  leads  to  5  and  2;  at  other  end 
join  5  and  4,  find  Res.=  R'". 

At  testing  end  join  bridge  leads  to  5  and  2;  at  other  end 
join  5  and  3,  find  Res.  =  R"". 

If  R'+  R'"<  R"+  R'"'  then  1  and  3,  2  and  4  belong  to 
same  wire. 

If  R'+  R'"  >R''+  R""  then  1  and  4,  2  and  3  belong  to 
same  wire. 

If  the  resistance  of  the  cross  is  constant  it  =:  V2  the  differ- 
ence between  R'  +  R'"  and  R''  +  R'"'. 

18.  To  Locate  the  Cross.^  The  same  instruments  are  re- 
quired as  is  §  16,  also  two  good  wires  whose  terminals  are  near 


^Electrical  World,  XVIII,  pp.  6,  30. 
^Electrical  World,  Vol.  XVIII,  p.  30. 
^Electrical  World,  Vol.  XVIII,  p.  30. 
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the  crossed  wires.  1st.  Find  the  exact  resistance  of  one  of 
thecrossed  wires  as  in  Figs.  (13),  (14.),  (15),  §16.  Next  make  con- 
nections as  in  Fig.  (17),  where  a  +  b  =  Res.  of  crossed  wire 
which  we  have  just  found .  S  is  second  wire  crossed  with  it  at  X . 
11  are  lead  wires  of  known  resistance,  g  =  good  wire. 
Then ,  as  before, 

^  B  (c  +  g  +  l)-A(l  +  R)  ^  B(K-l)-  (1  +  R) 
^  A  +  B  "  A-TB 

and  on  reversing  leads  as  shown  by  dotted  lines 

_  A  (c  +  g  +  l  +  RQ— Bl  _  A(R^  +  K  — 1)  —  Bl 
^~  A  +  B  ~  A  +  B 

Hence  the  Res.  to  the  cross  from  testing  end  is  found  and  the 

distance^ —  D. 
c 

The  author  gives  further  methods  for  location  of  crosses, 

but  this  is  the  most  accurate. 
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RAILWAY  MECHANICAL  ENGINEERING. 

BY   PROFESSOR   H.  WADE   HIBBARD, 
Member  of  American  Railway  Master  Mechanics  Association. 

What  man  of  mechanical  tastes  has  forgotten  the  awe  which 
a  locomotive  used  to  impress  upon  his  boyish  heart?  He  would 
go  as  near  as  he  dared  to  the  wonderful  engine,  gaze  at  the 
engineer  as  if  at  a  higher  being,  admire  the  unconcerned  man- 
ner with  which  he  started  the  ponderous  machinery,  and  when 
an  express  train  thundered  past  the  otherwise  quiet  village 
home  he  felt  the  thought  that,  if  only  it  were  possible,  the  sum- 
mit of  his  ambition  would  be  to  become  such  an  engineer.  This 
feeling  of  the  lad  is  perhaps  but  the  early  exhibition  of  the  gen- 
eral respect  that  exists  in  humanity  for  what  is  great  and  pow- 
erful. Mam^  of  those  bo^^s  have  indeed  become  engine  runners; 
others  have  risen  slowly  through  the  shops  and  in  later  life  have 
attained  the  higher  positions  of  master  mechanics,  in  charge  of 
many  locomotives  ;  some  few  have  taken  the  royal  road  of  tech- 
nical education  and,  uniting  with  it  a  brief  practical  shop  expe- 
rience, have  advanced  with  leaps  and  bounds  past  the  merely 
so-called  practical  man  to  the  influential  superintendence  of 
motive  power  while  3'et  in  the  full  vigor  and  energy  of  young 
manhood.  It  is  the  purpose  of  this  writing  to  point  out  the 
means  of  success  by  the  latter  method,  to  mention  some  of  the 
pleasures,  duties  and  responsibilities  of  railwaN'  mechanical 
engineering,  its  study  at  the  technical  school,  the  personal  qual- 
ifications needed,  and  the  opportunities  presented  to  the  ambi- 
tious man  in  this  comparatively  new  and  unfilled  branch  of 
skilled  engineering. 

In  this  country  the  term  "engineer"  has  been  appropriated 
in  mechanical  lines  by  those  who  run  a  stationary  or  locomo- 
tive engine.  Abroad  the  title  Locomotive  Engineer  is  reserved 
for  those  who  design,  build  dnd  superintend  the  management 
of  locomotives.  That  reservation  will  perhaps  obtain  in  Amer- 
ica when  technical  graduates  become  more  numerous  in  railway 
work.     Railwav  Mechanical  Engineering  includes  not  only  the 
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design,  construction,  operation  and  maintenance  of  locomo- 
tives, but  also  of  cars,  both  freight  and  passenger.  It  covers 
the  use  not  only  of  steam,  but  of  electric  traction  and  of  elec- 
tricity for  lighting.  In  shop  management  modern  methods  of 
arrangement  and  equipment  must  be  understood  and  practiced  ; 
electric,  pneumatic  and  hydraulic  appliances  used, each  as  most 
suitable;  and  the  economics  of  labor  must  be  studied.  The 
skilled  purchase  of  railway  material  and  the  testing  of  existing 
equipment  has  to  be  supervised.  European  methods  of  locomo- 
tive engineering  must  be  watched,  and  particularly  is  this  true 
if  one  is  engaged  in  contract  shop  manufacture  of  locomotives 
to  compete  in  the  world's  markets  of  Japan,  Australia,  South 
America  and  elsewhere. 

What  are  the  pleasures  of  railway  work  ?  Chief  of  these  is 
its  variety.  Man  has  ever  been  a  creature  fond  of  change.  The 
traveler,  passing  from  crowded  London  Cheapside  to  the 
grandeur  of  silence  on  Alpine  glacier,  from  the  aesthetic  pleas- 
ures of  the  Louvre  to  view  the  squalid  hordes  of  Islam  at 
Mecca,  is  but  the  ancestral  nomad — civilized.  The  same  spirit 
that  actuates  him  makes  the  railway  mechanical  engineer 
delight  in  his  profession.  First  among  his  creations  and  care  is 
a  thing  of  power,  not  tied  down  to  place,  but  roaming  over  the 
land  from  beside  the  sea,  along  green  valleys,  through  deep 
gorges,  or  skirting  lofty  cliffs  amid  the  wildest  scenery.  In  the 
less  important  lines  of  his  work  he  is  called  out  upon  this  ma- 
chine, not  enough  to  be  irksome,  but  to  quicken  his  heart, 
freshen  his  lungs,  and  give  zest  to  his  spirits  for  more  vigorous 
work  in  drafting  room  and  office.  The  problems,  too,  that 
come  up  in  design  or  management  are  almost  infinite  in  num- 
ber. He  does  not  sit  at  a  microscope  and  study  the  eyes  of  a 
beetle  half  a  year, though  that  maybe  permitted  to  a  few  to  be 
pleasure,  but  in  superintending  the  design  of  a  new'  locomotive 
his  entire  faculties  must  for  a  brief  period  be  concentrated  upon 
a  judgment  of  one  draftsman's  detail  and  then  upon  another's 
work  entirely  different,  and  so  on.  The  decisions  to  be  made  in 
the  many  lines  of  management;  the  choices  from  among  the 
great  variety  of  railway  supplies;  the  necessity  for  his  frequent 
presence  and  direction  at  different  points  along  his  road ;  the 
visits  to  car  and  locomotive  works,  steel  works  and  foundries, 
or  to  the  shops  of  other  railroads,  either  in  supervision  of  work 
being  executed  for  him  or  in  a  general  inspection  visit  to  gain 
information  and  keep  abreast  with  the  best  methods;  the  regu- 
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lar  attendance  at  frequent  Railway  Club  meetings  and  the  an- 
nual Master  Mechanics'  Association  convention, — all  these  pre- 
clude the  remotest  possibility' of  stagnation.  To  this  is  perhaps 
due  the  marked  jovialitj-  of  railway-  men.  Incidental  to  the 
official  position  is  also  the  free  transportation  for  the  man  and 
his  family — free  over  the  whole  road  for  the  least  important 
worker;  free  over  neighboring  railway' systems  and  free  in  Pull- 
man's for  those  a  little  higher ;  passes  every  where  throughout 
the  country  for  the  Superintendent  of  Motive  Power. 

The  work  of  the  Locomotive  Engineer  if  successful  is  sure  of 
universal  admiration,  it  is  illustrated  and  praised  in  the  railway 
technical  press,  discussed  in  the  engineering  associations,  the  de- 
signer congratulated  by  better  known  locomotive  engineers 
whose  long  years  of  experience  make  their  comment  prized,  the 
traveling  public  patronizes  the  road  and  remarks  upon  its  im- 
proved equipment,  all  of  which  is  indissolubly  connected  in  the 
railway-  world  with  the  engineer  in  charge. 

Thus  far  the  study  of  Locomotive  Engineering  has  not  re- 
ceived sufficient  attention  in  the  technical  schools.  There  may 
be  several  reasons  for  this.  Graduates  have  gone  more  largely 
into  other  lines.  The  schools  in  their  management  have  been 
influenced  b\\  even  largely  made  up  of,  these  graduates  re- 
turned. Experimental  laboratory  engines,  large  and  small, 
are  with  one  notable  exception  exclusively  of  the  stationary 
t^'pe  and  their  behavior  has  been  most  minutely  studied  by 
stationary  specialists.  Students  have  naturalh'  gravitated 
therefore  into  lines  with  which  they  were  most  familiar.  They 
have  not  been  familiar  with  the  locomotive  which  is  boiler 
plant,  carriage  and  double  engine  combined  to  give  a  thousand 
horse-power  within  most  contracted  limits  and  to  run  under 
most  adverse  concomitants  of  instability,  dust,  weather,  forc- 
ing and  rough  usage.  Railroad  motive  power  departments, 
with  one  exception,  were  not  open  to  such  men,  while  practical 
shop  and  road  knowledge  of  locomotives  seemed  of  more  worth 
than  theoretical  ignorance.  The  steam  engineering  training  of 
our  technical  schools  has  thus  been  almost  altogether  for  the 
stationary  engine,  although  the  census  of  1890  rated  the  horse 
power  of  our  locomotives  at  ten  million  as  against  the  four  mil- 
lion developed  in  all  the  stationary  steam  power  plants. 

It  is  not  at  all  difficult  to  obtain  a  professor  of  steam  en- 
gineering who,  a  technical  graduate,  has  risen  to  be  in  respon- 
sible charge  of  work.     Many  such  successful  teachers  might  be 
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mentioned.  It  is  needless  to  say  that  a  professor  of  Locomotive 
Engineering  should  have  been  a  technical  graduate  with  ex- 
tended and  official  railway  experience.  As  noted  before,  tech- 
nical railroad  men  are  few  in  the  first  place  and  the  pleasures 
and  rewards  of  railway  engineering  are  so  great  that  it  has 
been  rare  that  one  has  made  the  change  to  the  quieter  life  of  the 
university. 

American  locomotive  practice  has  been  preeminently  com- 
mercial along  the  lines  of  the  larger  economies.  In  Europe 
economies  are  closer.  Only  recently  the  receiver  of  a  prominent 
Western  railroad  told  the  writer  that  engineering  is  a  science 
of  getting  the  most  cents  of  interest  out  of  a  dollar  of  invest- 
ment. Engineering  students  get  filled  up  with  the  theories  of 
scientifically  correct  designing  and  management.  This  is  proper 
if  not  to  the  exclusion  of  commercial  common  sense.  Coal  is 
not  burned  in  a  locomotive  with  eyes  squinted  on  careful  econ- 
omy so  as  to  get  the  most  steam,  and  hence  the  most  pulling 
power,  out  of  a  pound  of  coal.  If  the  consumption  can  be  in- 
creased from  a  ton  to  a  ton  and  a  half  per  hour,  i.  e.  one-half 
more,  and  by  so  doing  that  locomotive  can  pull  one-third  more 
cars  per  train,  the  author  of  the  improvement  is  a  great  engi- 
neer. The  theoretical  man  would  call  it  wasting  coal,  while 
the  railroad  business  man  would  say  that  though  the  half  more 
coal  does  not  pull  a  half  greater  train,  still  the  extra  coal  is  al- 
most the  only  cost  of  hauling  the  extra  cars  because  no  increase 
is  made  in  the  interest  on  locomotive,  track  and  bonds,  in  the 
wages  of  that  engine  and  train  crew,  or  of  the  track  and  signal 
men,  in  salaries  of  officials,  in  taxes  or  insurance.  Practical 
railroad  men  have  made  these  large  savings,  and  in  the  new- 
ness and  vast  expansion  of  American  railroad  business  the  gen- 
eral managers  have  not  felt  the  need  of  the  smaller  economies, 
large  though  the  aggregate  might  be,  which  the  educated  en- 
gineer alone  could  introduce. 

In  considering  the  place  of  Locomotive  Engineering  as  a 
technical  school  study  the  question  of  time  is  at  once  confronted. 
The  addition  of  a  graduate  year  is  the  best  solution.  This  addi- 
tional year  of  careful  preparation  is  worth  so  much  towards  the 
later  rapid  advancement.  Some  thoughts  upon  that  arrange- 
ment will  be  followed  by  a  consideration  of  what  can  be  done 
in  undergraduate  time. 
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A  course  of  lectures  should  be  given,  as  briefly  outlined  in 
the  catalogue  of  the  University  of  Minnesota  of  date  1895-6. 
The\'  are  divided  as  follows : 

Past  and  future  development  of  the  locomotive. 

Materials  of  construction.  Motive  power  specifications  and 
standards. 

Locomotive  and  train  resistances.  Ruling  grade  as  affected 
by  kinetic  energy'.    The  track  from  motive  power  point  of  view. 

The  locomotive  boiler;  tvpes,  proportions,  details,  grates 
and  heating  surfaces,  lagging,  smoke  prevention,  circulation, 
water,  fuels,  effect  of  temperature  upon  metals,  testing,  acces- 
sories and  attachments,  shop  work. 

The  locomotive  engine;  details,  piston  speed,  reciprocating 
parts,  bearing  surfaces,  link  and  valve  motions,  steam  distribu- 
tion, heat  insulation. 

The  locomotive  as  a  carriage;  limitations,  frames,  spring 
and  equalizing  rigging,  running  gear,  journals,  truck  wheels, 
drivers  and  their  counterbalancing,  brakes,  steam  heat,  cab. 

The  tender;  tank  and  attachments,  wood  and  iron  frames, 
built  up  and  solid  trucks. 

Locomotive  management;  engine  loads,  coal  premiums, 
working  crew  systems, exjDcrt  instruction,  lubrication, perform- 
ance sheets. 

Compound  locomotives;  systems  and  types,  requisites  for 
economy-,  cost  of  building  and  repairs. 

European  locomotive  engineering  and  conditions  of  compe- 
tition with  American  locomotives. 

The  domain  and  outlook  for  electric  traction.  Theinvolved 
problems  from  electrical,  railway-  and  business  standpoints. 

Drawing  room  practice;  preparation,  management  and 
classification  of  work,  preservation  of  records,  relations  with 
the  shops. 

The  shops ;  their  arrangement,  tools,  cost  and  subdivision 
of  power,  labor  paj'ing,  apprentices,  reduction  of  costs  by 
specialized  machinery,  by  replacing  hand  work  with  machine 
work,  by  standardizing  and  duplication  of  parts,  and  watch- 
fulness for  wastes. 

The  railway  test  room  and  test  department;  inspection 
and  purchase  of  materials,  ser^ace  tests  of  equipment,  relations 
with  general  store  house. 

The  railway  mechanical  engineer  and  superintendent  of 
motive  power,  their  qualifications  and  duties. 
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Actual  designing  should  be  carried  on  along  the  following 
lines,  carrying  out  the  principles  of  the  above  lectures,  but  keep- 
ing always  in  sight  the  restrictions  to  theoretical  design  which 
railway  experience  has  found  financially  and  practically  to 
exist : 

Designing  of  locomotive  parts  b\'^  the  best  modern  methods. 
Link  and  valve  motion  designing  by  the  geometrical  diagrams 
with  practical  modifications  and  working  models.  The  indicator 
diagram  and  inertia  in  designing.  Determination  of  drivers, 
cylinders,  steam  pressure,  boiler  and  grate  for  a  given  power 
and  service,  for  simple  and  compound  locomotives. 

The  engineer  is  also  to  be  trained  along  the  special  needs  of 
railway  service  test  department  work  and  a  suitable  amount  of 
the  following  should  be  included  : 

Testing  of  railway  appliances  and  supplies,  as  safety  valves, 
injectors,  gauges,  air  pumps,  brakes,  springs,  metals  of  construc- 
tion, lubricants,  fuels,  feed  waters  and  their  purifiers.  Locomo- 
tive testing  in  road  service  with  and  without  dynamometer  car; 
also  on  laboratory  experimental  plant  to  eliminate  the  vari- 
ables and  permit  finer  manipulation  and  closer  inspection. 

The  work  in  car  design  should  be  short  and  cover  a  few  of 
the  leading  types  of  freight  cars  and  trucks,  including  couplers 
and  air  brake  work.  Passenger  and  sleeping  car  design  is 
rather  specialized  work  and  to  it  not  much  time  should  be  given. 

The  graduate  year  would  be  arranged  as  follows,  the  hours 
being  credit  hours  per  week,  designing  and  testing  requiring 
two  hours  work  for  each  credit  hour: 

1st  Term. 

Locomotive  lectures 5 

Locomotive  designing 5 

Testing 3 

Seminar  work,  railway  jour- 
nals, and  thesis 2 

Car  lectures  and  designing....  2 

Elective,  subject  to  approval 
but    preferably  electrical 

engineering 3 


2nd  Term. 

3rd  Term 

5 

5 

5 

5 

1 

3 

2 

5 

4 

0 

20  20  20 

In   studying    Locomotive  Engineering  during    the  under- 
graduate period  something  will  be  accomplished  in  the  senior 
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year  b\'  using  the  time  allotted  to  electives  and  to  designing. 
The  required  subjects  could  also,  if  so  decided,  be  very  easily 
arranged  with  special  reference  to  the  needs  of  the  prospective 
locomotive  engineers.  The  course  in  valve  gears  might  omit 
many  types  of  high  speed  stationarA'  design  and  then  treat  that 
most  important  part  of  the  locomotive  exhaustively.  Thermo- 
dynamics would  avoid  all  principles  not  related  to  locomotive 
practice ;  and  windmills,  gas  engines  and  water  motors  would 
be  omitted.  Problems  in  design  could  be  solely  upon  locomo- 
tives. The  senior  ^-ear  in  Locomotive  Engineering  would  then 
be  made  to  take  a  place  similar  to  the  senior  year  in  electrical 
engineering  at  Cornell  University. 

Having  taken  Locomotive  Engineering  at  the  technical 
school  the  question  arises  as  to  the  best  way  to  enter  the  rail- 
way service.  Locomotive  shop  work  is  unquestionably  neces- 
sary. The  summer  vacations  should  be  so  spent  if  possible. 
Of  course  the  best  equipped  man  for  an  engineer  is  one  who  has 
had  a  general  college  education  before  his  professional  course. 
If  two  or  three  years  can  then  be  spent  in  a  locomotive  shop  at 
nominal  wages  so  as  to  be  transferred  frequently  from  one  class 
of  machines  and  w^ork  to  another,  the  technical  course  to  follow 
will  be  better  improved.  If  the  technical  course  precedes  the 
railroad  shop  the  latter  w411  be  better  understood.  On  the 
Pennsylvania  Railroad  promotions  can  be  made  only  from 
their  own  special  shop  apprentices  who  have  been  technical 
graduates.  There  are  however  ver\'  many  railroads  having  no 
routine  system  of  admission  for  technical  graduates  which 
are  glad  to  get  hold  of  one  with  shop  experience  even  though  it 
has  not  been  gained  in  their  own  shops.  A  graduate  therefore 
having  had  two  or  three  years'  shop  practice  will  do  well  to 
get  into  the  test  department  or  drawing  room  of  a  first-class 
railroad.  His  abilities  will  soon  make  promotion  for  him 
because  railroad  ofl5cers  are  always  on  the  watch  to  advance 
bright  men  into  the  upper  places  or  to  get  them  from  another 
road. 

X  brief  description  of  a  railroad  drawing  room  maj'  not  be 
amiss.  Thehoursareshort,  seven  or  eight  per  day.  The  salary  for 
the  beginner  about  $60  a  month.  Two  weeks'  vacation  in  the 
year  with  no  deduction  of  salary.  Passes  when  desired.  In 
railway-  work  it  isnot  customary  to  emplo\- cheap  help  to  make 
tracings  for  blue  printing,  the  work   being  usualh'  of  such  a 
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nature  that  the  designer  can  more  profitably  make  his  own 
tracing  from  his  incomplete  drawing. 

In  a  small  office  with  six  or  eight  draftsmen  the  chief  drafts- 
man or  mechanical  engineer  usually  deals  directh'  with  each 
subordinate;  with  fifteen  or  twenty  draftsmen  three  or  four  are 
leading  men,  the  chief  directing  often  through  them,  all  the  de- 
signs finally  coming  to  him  for  approval.  To  avoid  errors  a 
second  draftsman  checks  up  the  work  of  the  original  designer 
and  is  held  equally  responsible  with  him  for  mistakes  to  an  ex- 
tent variable  with  the  nature  of  the  drawing.  The  chief  drafts- 
man then  signs  it  as  correct,  and  forwards  it  in  case  it  is  a 
drawing  sufficiently  extensive  or  standard  as  to  require  the 
approval  of  the  superintendent.  The  shops  are  not  permitted 
to  make  any  changes  from  the  drawings  without  the  approval  of 
the  chief  draftsman.  Thus  all  work  is  correctly  recorded  in  his 
office  and  for  future  designs  his  records  only  have  to  be  consult- 
ed. Where  a  general  drawing  room  is  established  on  an  old 
road,  particularly  where  there  has  been  a  great  variety  in  loco- 
motive equipment,  the  correspondence  and  investigation  before 
each  standard  can  be  adopted  and  changes  made  is  exceedingly 
extensive. 

Draltsmen  are  often  sent  out  on  the  road  for  information 
and  into  the  main  shops  or  to  the  test  department.  There  is 
thus  opportunity  to  broaden  one's  knowledge  and  to  get  fully 
acquainted  with  the  railroad's  usages. 

In  handling  a  drawing  room  the  methods  of  government 
should  be  different  from  shop  rules.  Draftsmen  are  a  much 
higher  class  of  workers  and  must  be  treated  accordingly.  The 
best  work  can  be  obtained  when  they  are  permitted  as  engineers 
to  feel  personally  interested  in  their  work  and  informed  as  to  its 
success  after  leaving  their  hands.  This  may  seem  axiomatic, 
but  the  writer  knows  where  that  is  not  the  custom  and  where 
draftsmen  have  been  regarded  as  mere  machines  to  turn  out  the 
thought  of  the  superiors. 

The  routine  work  of  a  railway  test  department  is  in  part  the 
inspection  of  car  wheels  and  axles  before  purchase,  and  the  test- 
ing of  flat  and  coiled  springs,  boiler  steel  and  other  material 
which  is  in  constant  and  severe  use.  Special  tests  are  often 
made  when  changing  the  place  of  purchase,  especially  when 
adopting  new  standards,  as  for  piston  rod  packing,  cylinder 
sight-feed  lubricators,  brake  shoe  material  or  journal  bearings. 
Tests  requiring  greater  engineering  ability  are  made,  as  in  re- 
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gard  to  the  size  and  height  of  exhaust  nozzles,  smoke  stack 
shape,  grate  area,  driver  counterbalance,  valve  action,  injector 
efficiency  or  throttle  and  steam  pipe  area.  Still  more  extensive 
are  competitive  trials  between  different  classes  of  locomotives, 
covering  coal  and  water  consumption,  with  and  without  the 
dynamometer  car,  and  involving  the  use  of  all  the  expert 
instruments  of  the  testing  engineer. 

The  varietj'  of  work  of  the  Railway  Mechanical  Engineer 
has  been  mentioned.  He  must  be  the  road's  encyclopedia  of 
mechanical  information,  knowing  all  that  is  best  of  other  engi- 
neers' designs  and  how  to  appl\'  them  usefully  and  cheaph'  to 
his  own  road.  He  must  cultivate  cordial  relations  with  officers 
of  other  roads,  and  this  will  naturally  result  in  exchange  of 
information,  but  be  discreet  in  imparting  such  information 
to  his  competitor  as  shall  not  hurt  his  own  road.  The  great 
arm^-  of  railway  supply  men  will  often  consume  much  of  his 
time  in  urging  him  to  favor  their  specialty,  but  he  remembers 
that  he  cannot  possibly  be  as  well  posted  about  injectors  as  the 
energetic  man  who  is  posted  about  nothing  else,  and  so  the  en- 
gineer always  learns  something  from  thesupply  man  and  should 
listen  to  him  patiently.  In  his  periodical  visits  to  the  different 
division  shops  he  should  be  on  the  lookout  for  improving  meth- 
ods of  work,  the  need  of  modern  or  alteration  and  relocation 
of  old  machines,  be  quick  to  notice  an3'thing  going  wrong  and 
take  measures  to  have  it  corrected.  Some  cases  in  the  writer's 
experience  will  illustrate:  A  connecting  rod  finisher  was  ob- 
served to  be  using  too  fine  emery,  requiring  too  long  to  work 
down  the  surface  and  putting  on  an  unnecessarily  fine  polish 
He  acknowledged  that  he  had  asked  for  coarser  emery,  but  it 
was  not  given  him.  That  matter  was  corrected  in  a  few  days. 
A  bolt  heading  machine  was  seen  to  be  running  much  too  slow 
for  economical  production;  chilled  car  wheels,  mounted  on  their 
axles,  were  unloaded  with  danger  of  cracking  by  dropping  them 
off  the  end  of  the  flat  car ;  new  cast  iron  eccentric  straps  were 
being  bored  out  for  passenger  engines,  though  bronze  straps 
had  been  made  the  standard.  In  this  latter  case  the  store-house 
was  in  fault  for  not  properh' filling  the  division  master  mechan- 
ic's order  for  bronze  castings.  In  some  shops  and  round-houses 
split  cotters  were  absent  from  some  of  the  connecting-rod 
keys,  letting  the  ke\^s  be  thrown  out  on  the  road  when  loose. 
A  modem  wet  emery  tool  grinding  machine  was  not  being  used 
to  grind  tools  to  the  tabulated  cutting  and  clearance  angles 
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found  by  the  manufacturers  to  be  the  best  for  quick  and  du- 
rable cutting. 

Reference  has  been  made  to  the  charge  of  design  in  the 
drawing  room  and  of  the  test  department.  The  mechanical 
engineer  is  also  the  consulting  engineer  to  his  superintendent 
of  motive  power.  If  his  road  does  not  design  its  own  locomo- 
tives he  is  asked  his  professional  opinion  and  reasons  as  to 
what  type  is  needed.  If  an  engine  does  not  make  enough 
steam  he  has  to  be  its  doctor.  If  crank  pins  start  to  breaking 
he  must  show  a  draftsman  how  to  calculate  them  to  see  if 
strong  enough  under  proper  usage.  If  the  brakes  of  a  coal  car 
are  not  holding  he  must  diagnose  the  difficulty.  Compound 
locomotives  come  up  and  he  is  called  upon  to  advise  which  of 
the  twenty-five  types  is  the  best  for  the  service  of  his  road,  and 
if  need  be  design  one  perhaps  in  the  early  days  when  all  com- 
pound locomotive  designers  had  only  stationary  and  marine 
practice  as  guide.  All  the  railway  technical  papers  are  taken 
in  his  office  and  all  glanced  through  and  digested  in  part.  He 
must  keep  up  with  the  progress  in  steel  manufacture,  particu- 
larly of  boiler,  axle,  tire  and  rod  steels,  as  also  the  adaptation 
of  steel  and  malleable  iron  castings  and  pressed  steel  in  latest 
locomotive  and  car  practice.  Specifications  for  various  mate- 
rials are  to  be  prepared  and  to  be  kept  abreast  w^ith  improve- 
ments. Acetylene  gas  for  car  lighting,  roller  curtain  fixtures 
that  the  most  stupid  or  irascible  passenger  cannot  get  out  of 
order  (and  there  are  such  fixtures),  wrecking  frogs  that  unfail- 
ingly replace  a  derailed  car,  air  power  for  locomotive  bell-ring- 
ers, the  sand  blast  to  prevent  slipping  of  drivers,  ribbed  boiler 
tubes,  stationary'  boiler  design,  chimney  work,  repair  shop  ar- 
tillery for  driving  out  refractory  bolts,  all  of  these  hint  at  the 
varied  details  and  responsibilities  of  this  position.  In  all  the 
designs  and  the  standardizing  the  position  of  the  general  store- 
house and  their  effect  upon  its  stock  carried  and  upon  the  in- 
terest accounts  of  the  company  must  be  born  in  mind.  Elec- 
tricity is  recognized  as  a  motive  power  and  competitor  to  be 
absorbed,  and  on  short  fines  where  passenger  traffic  is  fast  and 
frequent,  with  light  trains  and  the  line  to  itself,  it  will  probably 
be  necessary  in  the  near  fiiture  to  have  plans  ready  for  its 
adoption.  The  general  consensus  of  expert  electrical  and  rail- 
road opinion  is  that  for  long  distances  or  infrequent  trains  its 
possible  adoption  is  very  remote.  The  present  efficient locomo. 
tive  is  capable  of  greater  speed  than  the  public  is  willing  to  pay 
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lor,  than  the  signal  system  could  safely  permit,  or  more  profit- 
able traffic  make  way  for.  The  cost  of  installation  is  a  com- 
mercial hindrance,  and  even  if  installed  the  low  efficiency  of 
intermittent  and  long  distance  operation,  interest  on  invest- 
ment of  costh'  power  stations  and  large  conductors,  would  give 
no  saving  over  the  present  steam  traction. 

Success  in  this  profession  implies  learning,  abilit}-,  untiring 
energA',  alertness  of  thought  and  quick,  independent  decisions. 
It  cannot  be  attained  by  the  incompetent  or  by  the  use  of  chi- 
canery- or  the  artifices  which  in  some  pursuits  are  substituted 
for  worth  and  work.  Yet  it  lacks  the  charm  of  oratory,  the 
dazzle  of  publicity',  the  swaying  of  opinions,  which  are  so  dear 
to  the  politician  or  the  lawA-er,  and  which  surround  them  in 
their  influence  over  men.  Of  all  the  branches  of  mechanical  en- 
gineering, however,  this  one  is  the  most  abounding  in  life  and 
activity.  It  is  no  place,  this  high  tension  of  railway  service, 
for  the  lover  of  quiet  and  moderate  living.  The  speed  of  motion 
permeates  the  very  air  of  offices,  and  the  typical  American  as 
pictured  abroad  finds  there  his  original. 

I  am  led  to  close  with  some  observations  concerning  the  op- 
portunities in  railroad  life.  America  is  the  distinctively  railroad 
country  of  the  world.  In  1893  the  world  had  419.000  miles  of 
railroad,  of  which  179,000  were  in  the  United  States  and  148,- 
000  in  all  Europe.  A  single  American  railroad  has  3,400  loco- 
motives, with  97,000  men  on  its  pay  rolls.  It  has  been  its  pol- 
icy for  many  years  to  take  technical  graduates  into  its  shops, 
test  department  and  drafting  room,  and  from  these  "special 
apprentices"  alone,  to  promote  up  through  the  various  grades. 
Some  of  its  best  division  superintendents  of  motive  power  are 
verj'  3'oung  men,  who  have  shown  themselves  worthy  of  rapid 
promotion.  Another  road,  two  3-ears  ago,  appointed  as  super- 
intendent of  motive  power  a  young  man  who  fi-om  school  went 
into  the  shops,  was  soon  promoted,  became  a  division  master 
mechanic,  where  his  tact  in  managing  men,  and  his  good  judg- 
ment in  caring  for  equipment  while  still  keeping  down  expenses, 
brought  him  into  notice,  and  he  was  called  fi-om  this  road 
to  his  present  position.  This  road  had  previoush'  done  with- 
out technical  men,  but  the  polic\^of  the  management  is  now  ab- 
solutely reversed.  Only  such  men  are  now  chosen  for  the  vari- 
ous openings  and  trained  for  the  future.  A  ^-ear  ago  one  of 
their  division  master  mechanics,  who  had  seen  several  decades 
of  service  as  a  "  practical "  man,  was  replaced  b\'  a  technical 
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graduate  of  successful  experience  on  another  road.  Many  other 
leading  railroads  are  inaugurating  the  same  system  to  get 
expert  technical  men  into  the  motive  power  positions.  The 
highest  official  of  one  of  the  largest  lines  in  the  Northwest  told 
the  writer  recently,  having  been  in  conversation  about  a  num- 
ber of  unsettled  problems  in  locomotive  engineering,  that  he 
was  wanting  to  secure  technical  graduates,  as  they  alone  were 
fitted  to  handle  such  matters  intelligently;  that  the  average 
master  mechanic  who  had  risen  through  the  shops  and  road 
service  was  entirely  at  sea  in  technical  investigation ;  and  that 
the  scientific  solution  of  some  matters  mentioned  meant  thou- 
sands of  dollars  on  the  monthly  income  sheet  of  his  road.  In 
conversation  at  the  Railway  Clubs  and  the  American  Railway 
Master  Mechanics'  Association  the  writer  has  heard  the  same 
sentiments  reiterated.  Railroads  are  to  the  mechanical  grad- 
uate a  vast  field  ready  for  harvest.  The  thousands  of  posi- 
tions as  shop  foremen  and  master  mechanics,  round-house  fore- 
men, road  foremen  of  engines,  motive  power  engineers,  division 
master  mechanics  and  superintendents  of  motive  power,  engi- 
'  neers  of  tests,  foremen  of  drawing  rooms,  chief  draftsmen  and 
mechanical  engineers,  general  superintendents  of  motive  power, 
chiefs  of  motive  power, — these,  in  the  immediate  future,  are  to 
be  filled  b3'^  the  technical  graduate  of  today. 
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ORE  DEPOSITS  IN  MINNESOTA. 

BY  ARTHUR   H.    ELFTMAX,    M.   S. 

Minnesota,  while  largely  an  agricultural  and  lumbering 
state,  has  within  her  limits  vast  mineral  deposits  which,  even 
in  their  earh'  stages  of  development,  have  become  an  im- 
portant factor  of  the  state's  resources.  The  onh'  ores  which 
have  been  developed  to  any  extent  are  those  of  iron.  Gold, 
silver,  nickel,  cobalt,  copper,  and  manganese  are  known  to  ex- 
ist in  the  various  rock  formations,  but  have  not  3^et  been  devel- 
oped. 

It  is  intended  to  give  only  a  very  brief  sketch  of  the  present 
status  of  development  of  the  above  mentioned  metals. 

IRON. 

The  iron  ores  are  found  chiefly  in  the  Vermilion  and  Mesabi 
iron  ranges.  On  the  former  range  they  occur  in  the  Keewatin 
or  Lower  Huronian  formation.  The  only  places  where  the3'  are 
mined  are  Tower  and  Eh'.  Eastward  from  EI3',  extending 
through  the  eastern  part  of  Hunter's  Island,  are  \er\  favorable 
indications  of  immense  bodies  of  ore  which  have  not  been  ex- 
plored to  any  great  extent.  The  ore  at  Tower  is  hard  hem- 
atite, quite  free  from  phosphorous  and  sulphur.  The  Ely  ore 
differs  from  the  preceding  only  in  the  degree  of  hardness,  it  be- 
ing a  soft  ore  easily  worked. 

The  ores  of  the  Mesabi  found  in  the  Animike  or  Upper 
Huronian  are:  hematite  on  the  western  end;  magnetite  in  the 
central  and  eastern  Mesabi.  Several  attempts  have  been  made 
to  mine  the  magnetite,  but  pure  ore  has  not  yet  been  found  in 
quantities  large  enough  to  cover  the  expenses  of  mining.  The 
magnetite-bearing  rock  occurs  in  large  quantities,  but  ore  rich 
in  iron  is  quite  limited. 

The  workable  ores  are  the  hematite  deposits  of  the  western 
Mesabi.  The  ore  here  occurs  in  large  irregular  bodies  of  soft 
hematite,  easih'  worked  and  accessible  without  diflicult\-.  Like 
the  Vermilion  ore  it  is  found  at  the  surface,  usually  concealed 
by  a  slight  covering  of  glacial  drift. 
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Development  and  exploration  have  not  gone  far  enough  to 
show  the  entire  extent  of  the  ore  bodies  thus  far  discovered.  It 
cannot  be  said  that  all  of  the  existing  ore  bodies  have  been  dis- 
covered. The  relative  quantity  of  ore  on  the  Mesabi  and  Ver- 
milion ranges  cannot  be  computed,  owing  to  incomplete  ex- 
plorations on  both  ranges. 

Titaniferous  magnetite  is  found  in  the  Keweenawan  gabbro 
overlying  the  Animike  of  the  Mesabi.  This  magnetite  is  gener- 
ally a  lean  ore  and  does  not  occur  in  such  large  quantities  as 
are  usually  reported.  Even  if  processes  were  known  by  which 
the  metal  could  be  profitably  extracted  from  titaniferous  ore, 
this  part  of  the  mining  industry  of  the  state  would  be  an  in- 
significant factor. 

MANGANESE. 

Manganese  has  been  found  in  workable  quantities  on  the 
Mesabi  range  associated  with  the  hematite.  Analyses  of  iron 
ores  from  other  localities  show  traces  or  a  low  percentage  of 
manganese. 

GOLD  AND  SILVER. 

During  the  last  thirty  years  discoveries  of  gold  and  silver 
have  been  announced  from  every  part  of  the  state.  Every 
county  at  some  time  seems  to  have  had  its  gold  excitement, 
whether  based  upon  the  unearthing  of  a  brass  kettle  or  the  find- 
ing of  a  speck  of  gold  in  a  mountain  of  granite.  Gold  occurs 
in  small  quantities  in  the  oldest  rock  formations.  It  is  still 
very  doubtful  whether  deposits  rich  enough  to  pay  for  extract- 
ing the  gold  will  ever  be  found  within  the  limits  of  the  state. 

NICKEL  AND  COBALT. 

Nickel  and  cobalt  have  been  found  only  in  very  small  quan- 
tities in  bog  manganese  ores,  pyrrhotite  from  the  Animike,  and 
the  ferro-magnesian.silicatesof  the  Keweenawan  basal  gabbro. 
The  most  reliable  analyses  show  that  nickel  runs  as  high  as 
three  per  cent,  and  cobalt  0.71  percent.  Usually  analyses  show 
but  a  trace  or  less  than  one  per  cent,  of  the  two  combined.  The 
two  metals  are  associated  with  each  other.  The  nickel,  how- 
ever, predominates. 

Up  to  the  present  timenickel  ore  has  not  been  found  in  quan- 
tities warranting  an  outlay  for  mining  development.  Since  the 
nickel  has  been  found  in  small  quantities  scattered  throughout 
the  great  gabbro  mass  of  northeastern  Minnesota  it  is  possible 
that  it  maybe  found  in  paying  quantities  in  localities  where  the 
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basic  constituents  of  the  gabbro  have  been  collected  by  the  dif- 
ferentiation of  the  original  magma  and  a  further  concentration 
of  the  nickel  effected  through  the  decomposition  of  these  segre- 
gated basic  masses. 

COPPER. 

Copper  is  found  in  the  Keweenawan  rocks  of  the  lake  Su- 
perior region.  Although  this  formation  covers  an  extensive 
area  in  Minnesota  the  copper-bearing  horizon  is  limited  and 
carries  but  very  little  copper.  Chalcop3'rite  is  scattered 
throughout  the  basal  gabbro  in  small  quantities.  Malachite 
is  found  as  incrustations  upon  the  rock.  Native  copper 
occurs  in  the  amygdaloidal  lava  flows  which  largely  compose 
the  copper-bearing  horizon.  The  copper  fills  the  cavities  of  the 
vesicular  layers  of  rock  and  is  also  found  in  veins. 

Numerous  specimens  of  float  copper  have  been  found  in  the 
glacial  drift  throughout  the  state,  but  these  were  presumabh' 
derived  from  the  Keweenawan  rocks.  From  the  character  of 
the  rock  and  other  mineralogical  associations  it  is  not  expected 
that  copper  will  ever  be  found  in  paying  quantities.  At  present 
this  is  confirmed  by  explorations  at  numerous  places  along  the 
north  shore  of  lake  Superior.  Very  little  copper  was  found  at 
Cascade  River  and  the  Stewart  river  "mines."  These  two  lo- 
calities the  writer  considers  show  the  most  favorable  indica- 
tions in  the  state. 
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FOUNDATIONS  FOR  A  POWER  HOUSE. 

BY  GEORGE  J.   LOY,  B.  C.  E.,    '84. 

In  the  recent  construction  of  the  foundation  of  a  power- 
house for  the  new  water-works  system  of  Spokane,  Wash.,  a 
number  of  unexpected  difficulties,  which  necessitated  certain 
changes  in  the  proposed  plans,  were  met  with.  These  difficulties 
and  their  remedies  will  be  briefly  described. 

The  plans  for  the  power-house  were  prepared  by  the  Con- 
sulting Engineers  of  the  water- works  system,  and  then  submit- 
ted for  approval  to  the  well  known  Hj^draulic  Engineer,  J.  T. 
Fanning,  of  Minneapolis.  The  power-house  was  to  be  located 
on  the  river  bank  about  40  feet  from  low  water  mark  ;  the  sub- 
soil consisted  of  a  bed  of  gravel  known  to  be  of  considerable 
depth.  The  gravel  occurred  in  layers  of  different  thicknesses, 
consisting  of  coarse  sand  alternating  with  coarse  gravel  and 
small  boulders. 

According  to  the  plans  the  masonry  was  to  be  of  granite, 
laid  on  concrete  footing,  three  feet  thick.  The  depth  of  the  exca- 
vation for  the  river  wall  was  to  extend  ten  feet  below  low 
water  mark,  to  allow  a  discharge  under  water  from  the  five 
water  wheels  (each  fifty-four  inches  in  diameter),  and  also  of 
the  concrete  footing.  When  excavating  was  first  started,  three 
centrifugal  pumps,  with  a  combined  capacity  of  22,000  gal.  per 
minute,  were  put  in  operation.  The  size  of  the  excavation  was 
120x40  feet.  After  working  a  short  time  with  these  pumps  it 
was  found  that  the  best  they  could  do  was  to  lower  the  water 
two  feet  below  the  water  level  of  the  river.  When  this  became 
apparent  the  excavation  was  divided  into  smaller  areas,  but 
still  the  pumps  failed  to  fulfill  the  requirements.  This  state  of 
things  lasted  for  ten  days,  when  a  rise  in  the  river  necessitated 
an  abandonment  of  all  work. 

The  plans  were  now  entirely  changed,  a  grillage  founda- 
tion on  piles  being  substituted  for  the  masonry  and  concrete. 
This  foundation  was  to  consist  of  piles,  driven  in  rows,  two 
feet  eight  inches  apart,  the  rows  being  three  feet  apart.   On  top 
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of  the  piles  was  placed  ordinary  grillage,  consisting  of  timbers 
fourteen  inches  square,  which  in  turn  was  covered  with  a  solid 
flooring  of  timber  twelve  inches  square,  which  was  to  support 
the  wall. 

The  excavation  was  finally  completed  by  finishing  small 
portions  at  a  time  and  driving  sheet  piling  around  the  sides 
and  carefully  filling  up  all  leaks.  The  sheet  piling  was  driven 
to  a  depth  of  about  ten  feet  so  that  it  would  stand  after  the 
excavation  was  finished.  It  was  found  b\'  experiment  that 
the  best  sheet  piling  in  this  case  was  made  of  small  piles  about 
ten  inches  in  diameter.  Other  kinds,  such  as  grooved  lumber 
piling  and  piling  of  square  timbers,  crushed  before  it  could  be 
driven  to  the  required  depth.  Even  ^'ith  this  method  the  final 
work  of  excavating  had  to  be  done  in  three  feet  of  water. 

The  bearing  piles  for  the  wall  and  piers  were  driven  from 
eleven  to  sixteen  feet  below  the  point  of  cut-off".  Each  pile  will 
have  a  load  of  seven  tons,  with  a  factor  of  safety  of  at  least 
two.  The  bearing  piles  had  to  be  cut  off"  bj'  hand  under  water 
with  an  ordinary-  cross-cut  saw,  which,  however,  was  fastened 
in  a  frame  somewhat  resembling  that  of  a  buck-saw^,  but  hav- 
ing the  middle  brace  raised  three  feet  above  the  saw  blade.  The 
piles  were  first  all  cut  off"  at  a  point  out  of  water  just  three  feet 
above  the  required  point,  and  were  afterwards  cut  off"  at  the 
required  point,  the  saw  being  held  in  its  true  position  under 
w^ater  by  means  of  the  brace,  which  slid  across  the  top  of  the 
pile  out  of  water.  Four  men  were  required  to  run  the  saw. 
Cap  timbers  were  next  drift-bolted  to  the  piles.  Owing  to  their 
buoyancj'  eight  men  were  required  to  hold  them  down  while 
they  were  being  drift- bolted.  To  facilitate  drift-bolting  a  fol- 
lower, composed  of  a  piece  of  gas  pipe  and  a  round  iron  bar, 
was  used.  The  12-inch  timber  floor  was  next  drift-bolted  to  the 
caps  in  a  similar  manner. 

It  was  now  thought  advisable  to  bring  the  flooring  up  to 
the  surface  of  low-water  mark,  which  was  done.  This  would 
enable  the  masonry  to  be  laid  out  of  water  vdth  more  care. 

At  this  juncture  another  change  in  the  plans  was  made ;  this 
was  due  to  the  desire  on  the  part  of  the  city  oflicials  to  rush 
the  construction  work.  A  concrete  wall  was  substituted  for 
the  proposed  masonry  wall,  the  dimensions  of  the  larger  wall 
being  120  feet  long  by  30  feet  high  with  an  average  thickness  of 
7  feet.  The  construction  of  this  wall  took  ten  days,  this  being 
about  one  third   the  time  necessarv   to    construct  a  similar 
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masonry  wall.  During  one  day  of  nine  hours  this  wall  was 
built  up  six  feet.  The  composition  of  the  concrete  was  as  fol- 
lows: Portland  cement,  1  part;  sand,  2  parts;  gravel,!  part; 
broken  stone,  3  parts. 

A  wooden  frame-work  for  holding  the  concrete  in  place 
until  set,  was  constructed  as  follows :  6'''  x  8''"  posts,  spaced 
eight  feet  apart,  were  set  up  on  either  side  of  the  wall.  Each 
pair  of  these  posts  was  tied  together  every  seven  feet  in  height 
by  %''  circular  iron  rods.  A  wall  inside  of  these  posts  was  now 
constructed  by  laying  up  2''  x  12''  planks  surfaced  on  the 
inside.  The  wall  was  braced  on  the  outside  by  light  braces  to 
prevent  bending.  Light  mouldings  were  placed  on  the  inside 
of  these  walls,  so  as  to  form  joints  on  the  concrete,  thus  giving 
it  the  appearance  of  masonry.  These  mouldings  were  %''x%''', 
three  being  used  for  each  joint;  two  were  laid  flat,  and  the 
third  edgewise  between  them,  thus  giving  the  joint  an  appear- 
ance of  having  a  chisel  draft  on  either  side.  Arch  stones  were 
shown  in  like  manner.  The  inner  surfaces  of  these  walls  were 
coated  with  soap-suds  to  prevent  the  concrete  from  sticking  to 
the  wood.  Openings,  anchor-bolts,  etc.,  are  easily  placed  in 
such  a  v(rall. 

In  laying  the  concrete,  special  care  was  taken  that  the  ma- 
terial which  was  placed  next  the  mouldings  should  contain  no 
coarse  gravel  or  rocks.  This  of  course  gives  a  smooth  and  neat 
appearance  to  the  surface  and  joints.  After  this  wall  was  com- 
pleted it  was  carefully  watched  for  a  month,  but  no  settling 
or  cracks  could  be  detected. 

The  principal  changes  in  the  plans,  that  of  substituting 
grillage  for  concrete  footings  and  a  concrete  for  a  masonry  wall, 
gain  several  advantages;  first,  it  reduced  the  depth  of  excava- 
tion ten  inches  and  avoided  the  necessity  of  laying  concrete  or 
masonry  under  water;  second,  it  allowed  of  a  change  in  the 
72''  circular  draft  tube,  to  a  smaller  oval  one;  third,  it  saved 
at  least  fifteen  days  in  the  time  of  ■  construction  of  the  work. 
This  last  w^as  an  important  item,  inasmuch  as  the  rainy  sea- 
son, bringing  with  it  high  water,  was  close  at  hand. 
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DESCRIPTIVE  GEOMETRY  AND  WORKING  DRAWINGS. 

BY  PROFESSOR  W.  H.  KIRCHNER. 

For  technical  purposes,  it  is  of  the  utmost  importance  to 
represent  soHds  and  other  figures  in  three  dimensions  by  a 
drawing  in  one  plane.  A  variety  of  methods  have  been  intro- 
duced for  this  purpose.  All,  however,  are  systems  of  projec- 
tion. 

Descriptive  (practical  solid,  darstellende)  geometry,  is  the 
theory'  of  making  projections  of  any  accurately  defined  figure, 
such  that  from  them  can  be  deduced  the  figure  itself  and  all  its 
metrical  properties. 

Under  the  name  of  "Geometric  Descriptive"  Monge  (1746- 
1818)  about  1794  invented  a  method  of  drawing  in  plan  and 
elevation  or  orthographic  projection. 

Plans  and  elevations,  especially'  of  buildings,  were  in  use  be- 
fore his  time,  and  rules  had  been  developed  to  determine  by  con- 
struction from  drawings  the  shape  of  stones  in  vaults  and 
arches.  These  rules  ^vere  reduced  to  a  consistent  method  of 
projection  by  Monge. 

Thus  descriptive  geometry  dates  from  Monge,  whose  treat- 
ise appeared  in  1800. 

Since  then  purely  geometrical  methods  have  been  continu- 
oush'  extended,  especiallj-  by  Poncelet,  Steiner,  Chasles,  Von 
Staudt  and  Cremona.  The  beginnings  of  perspective  date  from 
the  time  of  the  Greek  mathematicians ;  at  present  it  is  general- 
ly treated  as  a  special  case  of  projection.  The  theory  of  geom- 
etr\'  in  general,  treated  b^-  the  means  of  projection,  is  now  con- 
sidered as  descriptive  geometry. 

Descriptive  geometry  was  first  taught  at  West  Point,  in  • 
1817,  but  did  not  find  its  way  into  other  institutions  for    a 
number  of  years.    Today  it  is  considered  an  important  element 
and  is  found  in  the  curriculum  of  all  schools  of  engineering. 

A  working  drawing  is  simply  the  application  of  practical 
geometry'  to  the  representation  of  any  object  and  conveys  to 
the  mind  of  a  skilled  workman  clear  and  exact  information  of 
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form  and  magnitude.  Drawing  has  become  such  an  important 
factor  in  constructive  engineering  that  it  is  well  described  as 
"the  language  of  the  work-shop."  The  use  of  working  draw- 
ings in  engineering  has  become  so  general  and  so  extensive  that 
all  persons  engaged  in  manufacturing  industries  are  expected  to 
understand  a  projection  drawing,  whether  contractors,  users, 
buyers  or  sellers  of  machinery. 

This  continued  and  ever  increasing  use  of  projection  in  the 
w^orks  and  the  office  of  the  commercial  engineer  has  demon- 
strated that  for  practical  purposes  it  is  expedient  to  make  some 
changes  in  the  nomenclature  and  the  preliminary  notions  of 
descriptive  geometry,  such  as  the  names  of  the  projections  or 
views,  and  the  relative  position  of  the  object  and  the  planes  of 
reference. 

The  rabatting  of  the  planes  and  consequently  the  arrange- 
ment of  the  views  on  the  drawing  depend  upon  this  preliminary 
relation. 

Descriptive  geometry  is  a  science  wTien  it  shows  a  mathe- 
matical basis  for  its  methods,  and  an  art  when  it  deals  with 
the  execution  of  its  methods,  hence  any  change  we  make  in  its 
preliminary  notions  of  arrangement,  execution  and  nomencla- 
ture, will  not  necessitate  any  change  in  its  mathematical  dem- 
onstrations. 

Practical  experience  in  making  working  drawings  has 
shown  that  a  few  changes  in  this  direction  are  for  the  better. 
The  subject  is  taught  more  and  more  with  reference  to  its  prac- 
tical application,  and  is  pursued  mainly  by  students  who  ex- 
pect to  follow  some  of  the  engineering  professions  as  a  liveli- 
hood. 

In  passing  from  his  text  book  to  the  practical  problem  the 
student  experiences  some  trouble  in  becoming  familiar  with  the 
new  arrangement  of  the  projections.  The  difficulty  is  not 
great,  but  there  is  no  occasion  for  its  existence,  and  it  should 
be  removed. 

It  may  be  said  that  this  is  merely  passing  from  the  first  to 
the  third  quadrant  in  descriptive  geometry,  and  that  no  diffi- 
culty should  arise  in  the  transition.  However,  such  is  not  the 
case,  and  the  record  of  the  class  room  shows  that  the  average 
student  cannot  in  the  limited  time  work  with  equal  facility  in 
all  four  quadrants,  and  manipulate  a  problem  involving  more 
than  one  quadrant  with  ease.  Nor  is  it  advisable  to  devote  a 
considerable  portion  of  his  time  to  acquire  facility  in  passing 
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from  one  quadrant  to  another  at  the  expense  of  his  knowledge 
of  principles  and  methods. 

In  practice  he  will  have  no  occassion  to  pass  from  one  ar- 
rangement of  views  to  another,  and  whatever  facilit\'  he  may- 
have  acquired  in  that  direction  is  discipline  gained  at  the  expense 
of  practical  knowledge. 

The  time  saved  by  avoiding  unnecessary  transformations 
is  used  in  extending  the  scope  of  the  subject  matter,  and  noth-^ 
ing  is  lost  in  the  disciplining  of  the  geometric  imagination,  in 
fact  there  is  a  decided  gain.  All  English  and  Continental  de- 
scriptive geometries  use  the  first  quadrant.  The  first  chapters 
generally  contain  problems  illustrating  the  projections  for 
points  and  lines  placed  in  all  four  quadrants,  but  the  larger 
part  of  the  treatise  confines  the  problem  to  the  first  quadrant. 

Nearh'  all  American  texts  treat  the  subject  in  the 
same  manner,  not  even  excepting  those  published  within 
the  last  ten  years.  In  works  on  mechanical  drawing  we  find 
that  many  of  the  books  written  within  the  last  decade  have 
adopted  the  shop  method  of  plan  above  the  elevation,  and  a 
few  have  discarded  the  terms  plan  and  elevation  and  used  top 
view,  front  view  and  the  like. 

The  line  of  intersection  of  the  horizontal  and  vertical  planes 
of  reference  is  called  both  the  ground  line  and  the  axis.  As  an 
illustration  of  the  different  notations  we  find  the  following : 
For  this  line  of  intersection,  GL,  G,  XY,  X,  AB,  etc.  For  the 
horizontal  and  vertical  projection  of  a  point  (A)  we  find,  a'^a^^ 
aa',  A1A2,  a'^a^,  a'a",  and  others.  For  lines,  traces  and 
planes  we  find  the  same  diversity,  and  in  addition  the  use  of 
heavy  and  light  lines,  broken  and  dotted  lines,  dash  and  dot 
lines.  In  passing  from  one  text  to  another  we  are  quite  often 
compelled  to  study  the  notation.  Fortunateh',  all  of  this  nota- 
tion and  the  ground  line  or  axis  do  not  appear  in  the  practical 
problem  and  no  difiiculty  arises. 

Foreign  drafstmenuse  the  first  quadrant  method  of  arrange- 
ment of  views.  The  third  quadrant  is  used  in  American  prac- 
tice. Many  teachers  prefer  to  dispense  with  the  question  of 
quadrants,  and  obtain  the  projection  by  assuming  the  object 
to  be  placed  within  a  transparent  cube,  the  projections  being 
called  the  top  view,  front  view,  right  view,  and  so  on.  The 
unfolding  or  rabatting  of  the  faces  of  the  cube  brings  the  views 
in  their  proper  relation.  This  avoids  the  old  method  of  ha\'ing 
the  right  view  or  elevation  on  the  left  side  of  the  front  elevation. 
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.•The  tMrd  quadrant  or  shop  method  is  generally  followed  in 
our  manual  training  and  mechanic  arts  high  schools,  where  the 
study  of  projection  is  pursued  without  taking  up  the  more  com- 
plicated and  general  constructions  of  descriptive  geometry.  In 
colleges  of  engineering  the  practical  or  shop  method  is  used  in 
the  drawing  room,  but  not  nearly  as  much  as  one  would  expect. 

Treatises  on  machine  drawing  and  design  and  kindred  sub- 
jects, if  English,  are  illustrated  chiefly  by  first  quadrant  meth- 
ods, if  American  we  find  that  nearly  all  ot  the  new  illustrations 
of  details  of  engineering  practice  are  drawings  in  the  third 
quadrant  and  in  some  occasionally  an  old  cut  introduced 
showing  the  first  quadrant  method.  If  simple  details  are  shown 
no  difliculty  is  experienced,  but  w^hen  we  have  right  views  in 
addition  to  the  front,  it  is  annoying  to  say  the  least. 

The  use  of  photography  in  making  illustrations  has  done 
much  to  bring  the  drawings  of  the  practical  draftsman  into  en- 
gineering periodicals.  It  is  to  be  hoped  that  it  will  not  be  long 
before  v^e  can  say  there  is  no  essential  difference  between  the 
method  of  the  recitation  room  and  the  office  of  the  engineer. 
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Heating  Mannfacturer  and  Con- 

tractor. 

B.  C.  E. 

Civil  Engineer. 

1888. 
B.  C.  E. 

B.  M.  E. 

B.  M.  E. 


HoAG,  William  R.    (B.  C.  E.  '84)  C.  E. 
Minneapolis,  Minn. 

1889. 


Coe,  Clarexce  S. 

Wenatschee,  Wash. 

Burt,  John  L.     .       .       . 

Minneapolis,  Minn. 
Daxx,  Wilber  W. 

Minneapolis,  Minn. 
GiLMAX,  Fred.  H. 

Minneapolis,  Minn. 
Greenwood,  Williston  . 

Minneapolis,  Minn. 
Haydex,  Johx  p. 

Minneapolis,  Minn. 
HlGGIXS,  JOHX  T. 

St.  Paul,  Minn. 
HoYT,  William  H.    . 

Duluth,  Minn. 
NiLSOX,  Thorwald  E. 

Minneapolis,  Minn. 
Smith,  William  C.    . 

St.  Paul,  Minn. 
Woodward,  Herbert  M. 

Boston,  Mass. 


ASLAKSOX,  B.\xter  M. 

Davton,  Ohio. 
Carroll.  James  E.  . 

Minneapolis,  Minn. 


.  B.  C.  E. 

1890. 

.  B.  C.  E. 

.  B.  C.  E. 

.  B.  C.  E. 

.  B.  C.  E. 

.  B.  C.  E. 

.  n.  C.  E. 

.  B.  C.  E. 

.  B.  M.  E. 

.  B.  C.  E. 

.  B.  M  E. 

189  1  . 

.  B.  M.  E. 


Civil  Engineer. 

Mechanical  Engineer,  with  Xor- 
dyke  &  Marman. 

Assistant  Superintendent  and  Me- 
chanical Engineer  of  Piano 
Manufacturing  Co. 

Prof,  of  Civil  Engineering,  Uni- 
versity of  Minnesota. 

Civil  Eng.  in  Engineering  Dcpt.  of 
C,  M.  &  St.  P.  Ry.  Co. 

Commission  Merchant. 

Ci^-il  Eng.,  Supt.  of  Water  Works 
Con'st'n  at  St.  James,  Minn. 
Editor  Mississippi  Lumberman. 

Civil  Engineer. 

Newspaper  work. 

Physician. 

Assistant  Engineer,  Duluth  &lron 
Range  R.  R. 

Manager  of  the  Xorgren  Distill- 
ing Co. 

Assistant  Engineer,  X.  P.  R.  R. 

Instructor  of  Wood  Working,  Me- 
chanic Arts  High  School. 


With  the  Stillwell-Bierce  &  Smith- 
Vaile  Co. 
B.  C.  E.        Citv  Engineer's  Office. 
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NAME   AND  RESIDENCE.  DEGREE. 

Chowen,  Walter  A.       .       .     B.  C.  E. 

St.  Croix  Falls,  Wis. 
Douglas.  Fred  L.     .       .       .     B.  C.  E. 

New  York  City. 
Gerry, Martin H.Jr.(B.M.E.'90)B.  E.  E. 

Chicago,  111. 


Huhn,  George  P. 

Minneapolis,  Minn. 

BuRCH,  Edward  P.  . 

Minneapolis,  Minn. 
Burtis,  William  H. 

Minneapolis,  Mfnn. 
Felton,  Ralph  P.    . 

Minneapolis,  Minn. 
GooDKiND,  Leo. 

St.  Paul,  Minn. 
Gray,  William  I. 

Minneapolis,  Minn. 
Hankenson,  John  J. 

Minneapolis,  Minn. 
Higgins,  El  YIN  L. 

Hutchinson,  Minn. 
Howard  Monroe  S. 

Minneapolis,  Minn. 
Mann,  Fred  M. 

Philadelphia,  Pa 
Plowman,  George  T. 

Minneapolis.  Minn. 

Anderson,  Ole  J. 

Nicollet.  Minn. 
Avery,  Henry  B. 

Minneanolis,  Minn. 
Batchelder,  Frank  L. 

St.  Paul,  Minn. 
Chase,  Arthur  W.  . 

Hastings,  Minn. 
CouPER,  Geo.  B. 

North  rield,  Minn. 
Dewey,  William  H. 

New  York  City. 
Erf,  John  W. 

Minneapolis,  Minn. 
Guthrie,  John  D. 

Minneapolis,  Minn. 
Hoyt,  Hiram  P. 

Minneapolis,  Minn. 


.  B.  E.  E. 

1892. 

.  B.  E.  E. 

.  B.  E.  E. 

.  B.M.E. 

.  B.  Arch. 

.  B.  E.  E. 

.  B.  C.  E. 

.  B.  C.  E. 

.  B.  E.  E. 

.  B.  C.  E. 

.  B.Arch. 

1893. 

.  B.  C.  E. 

.  B.M.E. 

.  B.  C.  E. 

.  B.  E.  E. 

.  B.M.E. 

.  B.  E.  E. 

.  B.  C.  E. 

.  B.  E.  E. 

.  B.  C.  E. 


occupation. 
On    Survey   of    Minneapolis,    St. 

Paul  &  Ashland  R.  R. 
Civil  Engineer. 

Superintendent  of  Motive  Power 
of  the  Metropolitan  West  Side 
Elevated  Railroad  Co. 

Flour  Citv  National  Bank. 


Electrical  Engineer,  Twin  City 
Rapid  Transit  Company. 

Electrical  Engineer  and  Con- 
tractor. 

Fire  Insurance. 

City  Supt.  of  Schoolhouse  Con- 
struction. 

Electrical  Engineer  and  Con- 
tractor. 

Bridge  and  Sanitary  Engineer. 

Teacher. 

Electrical  Engineer  and  Con- 
tractor. 

Instructor    Architectural    Design, 
U.  of  Penn. 

Draughtsman. 


Nicollet  County  Surveyor. 

With  Gillctte-Herzog  Manufactur- 
ing Co. 
With  C.  F.  Loweth. 

Electrician. 

Manager  Northfield  Electric  Light 
Company. 

Assistant  Engineer  for  the  Ameri- 
can Boiler  Co. 

With  Gillette-Herzog  Mfg.  Co. 

Medical  Student,  Univer.>-itv  of 

Minnesota. 
With  Gillette-Herzog  Mfg.  Co. 
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NAME   AND   RESIDENCE. 

DEGREE. 

Morse,  George  H.    . 

.     B.  E.  E. 

Minneapolis,  Minn. 

Reidhead,  Frank  E. 

.     B.  E.  E. 

Minneapolis,  Minn. 

Springer.  Frank  \Y. 

.     B.  E.  H. 

Minneapolis,  Minn. 

Washburn.  Delos  C. 

.     B..\RCH. 

Minneapolis.  Minn. 

189"^ 

.     B.M.E. 

Bray.  Geo.  E.     .       .       . 

Virginia  City.  Minn. 

Chalmers,  Charles  H.  . 

.     B.  E.  E. 

Minneapolis,  Minn. 

Cunningham,  .\ndrew  0. 

.     B.  E.  E. 

Xew  Orleans.  La. 

Gill,  J.  H.  (B.M.E.,'92) 

.        .     M.  E. 

Minneapolis,  Minn. 

GiLMAN,  Jas.  B.      .      . 

.     B.  C.  E. 

Minneapolis,  Minn. 

Johnson,  Noah. 

.      B.  C.  E. 

St.  Paul,  Minn. 

Trask.  Birney  E.  (B.  C.  E. 

•90)       C.  E. 

Highland  Park,  111. 

Weeks,  William  C. 

.     B.  C.  E. 

1895. 

Adams,  Geo.  F B.  E.  E. 

Minneapolis,  Minn. 
Bishman,  a.  E B.  E.  E. 

W'illmar.  Minn. 
Bohlaxd,  John  A.    .        .       .     B.  C.  E. 

St.  Paul,  Minn. 
Cassedy,  Geo.  E.       .       .       .     B.  C.  E. 

St.  Paul,  Minn. 
Chapman,  L.  H.         .        .        .     B.  C.  E. 

St.  Paul,  Minn. 
Cutler,  Harry  C.    (B.E.M.  '94)  E.  M. 

Camp  Golden,  Whitehall,  Mont. 
Christianson,  Peter.  (B.  E.  M.  '94)  E.  M 

Minneapolis,  Minn. 
Eddy.  Horace  T.      .        .       .     B.  E.  E. 

Minneapolis,  Minn. 
Rounds.  Fred  M.       .        .        .     B.  E.  E. 

Minneapolis,  Minn. 
Shepherd,  B.  P.        .        .       .B.M.E. 

Minneapolis.  Minn. 
Tanner,  H.  L B.  E.  E. 

Minneapolis,  Minn. 


occupation. 

Instructor  in  National  School  of 

Electricity. 
Electrician,   Minneapolis  General 

Electric  Co. 
Scholar  in  Electrical  Engineering. 

With  J.  T.  Fanning. 


Electrical  Superintendent  of  Min- 
ing Company. 

Electrician  and  .\ssistant  Man- 
ager. D.  &  D.  Electric  Mtg.  Co. 

With  Gillette-Herzog  Mfg.  Co. 

Instructor  in  Shop  Work,  Univer- 
sity of  Minnesota. 
With  Gillette-Herzog  Mfg.  Co. 

General  Office  G.  W.  R.  R. 

Professor  of  Mathematics,  North- 
western Military  .\cadcray. 
Venezuela  Survev. 


Electrical  Engineering  Co. 
Supt.  Electric  Light  Plant. 

Draughtsman,  Bridge  Dept.  G.  N. 

R.  R. 
Draughtsman,  Bridge  Dept.  G.  X. 

R.R. 
Engineering  Dept.  G.  X.  R.  R. 

Assayei-,  A.  D.  &  M.  Co. 

Instructor  in  Mining  at  University 
of  Minnesota. 

Graduate  Student,  University  of 
Minnesota. 

Electrician,  with  Standard  Tele- 
phone &  Electric  Co. 

Draughtsman,  with  Paul  & 
Hawley. 

Electrician,  with  Bnrtis  &  How- 
ard. 
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NAME  AND  RESIDENCE. 
TiLDERQUIST,  Wm. 

Vasa,  Minn. 

VON    SCHLEGELL,  F. 

Weaver,  A.  C.    . 

Minneapolis,  Minn. 
Wilkinson,  Chas.  Dean, 

Gibbonsville,  Idaho. 


DEGREE. 

B.  M.  E. 


occupation. 


.      B.  E.  E.        With  St.  Anthony  Water  Power 
Company' 
B.M.E.        Draughtsman. 

.      B.  E.  M.        In  Chlorination  Plant,  A.  D.  &  M. 
Co. 


"  The  best  instruments, 
even  though  their  first 
cost    is    greater,    ^ill    render 
better  service  and  last  enough 
longer  to  make  them  decidedly  the 
cheapest." 


Drawing  Instruments 


Theo.  AltenedER  &  Sons   manufacturers   Philadelphia 

Send  five  cents  in  postage  stamps  for  new  Catalogue 


Work  of  Compressed  Air  in  and  about  Chicago,  by  the  Rand  Drill 
Co.  Machinery: 

3,600,000  cubic  ft. 
of  air  famished  to 
Machine,  Boiler 
and  Railroad 
Shops  per  day. 

15,000,000  gallons 
of  water  pumped 
from  deep  wells 
daily. 

Over  9,000,000  cu. 
yds.  of  rock  exca- 
vated fi-om  the 
Chicago  Drainage- 
Canal  in  three 
years. 

Otct  six  miles  of 
Intake  Tunnel 
being  driven. 

Rock  Drills.         RAND  DRILL  CO.     ^"^  compressors^ 

1328  Monadnock  Block.  CHICAGO,  ILL. 
lOO  Broadway.  NEW  YORK  CITY. 


MEACHAM   &  WRIGHT 


Manufacturers'  Agents  for 


Utica  Hydraulic  Cement 


and  Dealers  in 


98   MARKET  St.,  CHICAGO. 

Telephone  Main  Express  59. 


lE^j:m.g;ineer»(S, 


expecting  to  enter  railroad  service,  or  to  do  any  work  connected  witli 
railroading,  will  find  invaluable  assistance  in  reading  the 


RAILROAD  GAZETTE 


It   is  published  weekly  and   contains  practical  articles,  many  of  them 

illustrated  with  accurate  drawings,  in  all  departments  both  engineering 

and  operating.  It  is  the  largest,  oldest  and  by  far  the  most  complete 

weekly  railroad  publication  in  the  world.     It  is  published  at 

33  Park  Place,  New  York, 

and_the  subscription  price  is  $4.20  a  year.    Specimen  copies  free.    Catalogue 
of  The  Railroad  Gazette  publications  free..     , 


LOUISVILLE   CEMENT. 

The  undersized  is  agent  for  the  following  works: 

Hulme  Mills,         -       -        producing     .       _       .  Star  Brand. 
Speed  Mills,       -       -       -  "  _       .       .  -         - 

Queen  City  Mills,  -        -       "  .        .        .       - 


Black  Diamond  Mills  (River) 

t( 

Diamond    ' 

Black  Diamond  Mills  {R.  R.), 

(> 

((           ( 

Falls  City  Mills,       -       - 

(( 

-     Anchor    * 

Silver  Creek  Mills, 

((  . 

Acorn      * 

Eagle  Mills,       -       - 

(( 

-     Eagle 

Fern  Leaf  Mills, 

t( 

-     Fern  Leaf  ' 

Peerless  Mills, 

(( 

Crown        ' 

Lion  Mills,     -        -        -        - 

(( 

Lion          " 

Mason's  Choice  Mills,    - 

t( 

Hammer  &  Trowel     " 

United  States  Mills,    - 

" 

-       Flag 

These  works  are  the  largest  and  best  equipped  in  the  United  States. 
Orders  for  shipment  to  an\'  part  of  the  country  will  receive  prompt  atten- 
tion.   Sales  in  1892,  2,145,568  barrels. 

Western  Cement  Company, 

247  West  Main  St.,       -        -        -        -       Louisuil/e,  Ky. 


BOERINGER  &  SON, 

OPTICIANS, 

Engineers',  Architects'  and  Surveyors'  Instruments, 

TECHNICAL   DRAWING    MATERIAL. 

54  East  Third  St.,  ST.  PAUL,  MINN. 


Pioneer  Electrical  Journal  of  America. 


riost  Popular  of  Technical  Periodicals. 


THE  ELECTRICAL  WORLD,  weekly,  is  the  largest,  most  handsomely 
illustrated  and  widest  circulated  journal  of  its  kind  in  the  world. 

It  is  ably  edited  and  handsomely  illustrated,  and  is  noted  for  popular  treatment 

of  subjects  in  simple  and  easy  language,  devoid  of  technicalities.     No  other 
technical  journal  has  as  manj'  general  readers. 

THE  ELECTRICAL  WORLD  devotes  a  large  part  of  its  space  to  alternate 
ing  and  multiphased  currents — subjects  that  no  student  can  afford  to  neglect,  and 
which  no  other  electrical  journal  in  the  world  treats  so  fully — while  the  Weekly 
Digest  of  Current  Technical  Electrical  Literature  gives  a  complete  resume  of  current 
progress  in  electrical  science  and  its  application,  both  in  this  country  and  abroad. 

Sample  Copies  Free.        Agents  Wanted. 


BOOKS  ON  ELECTRICAL  SUBJECTS. 

There  is  no  work  relating  to  Electricity,  Street  Railways  or  kindred  sub- 
jects that  is  not  either  published  or  for  sale  at  the  office  of  The  Electrical 
World,  from  which  is  also  issued  weekly  the  ELECTRIC  RAILWAY  GAZETTE 
(subscription  $3.00  a  year)  and  annually  JOHNSTON'S  ELECTRICAL  AND 
STREET  RAILWAY  DIRECTORY,  price  $5.00. 

Books  promptly  mailed,  postage  prepaid,  on  receipt  of  price.  Catalogue 
and  information  free. 


THE   W.   J.   JOHNSTON    COMPANY, 


253  Broadway,    New  York. 


Minneapolis  Radiators 


for 


Minnesota  People. 


829    Ninth    street   S.  E. 

•^  Minneapolis,  Minn. 


SHECORD 


a,^Ta4Rq^^raCQ^m^aoc■MEffl^fil<:^<;;^1l•^lq[>^-0mcEP^ 


GIVES   PROMINENCE  TO 

MUNICIPAL  AND  BUILDING  ENGINEERING 

WHICH   INCLUDES 

Water-Works  (Construction  and  Operation),  Sewerage,  Bridges, 
Metal  Construction,  Pavements,  Subways,  Road  Malting, 
Docks,  River   and   Harbor  Work,  Tunneling,  Foun- 
dations, Building  Construction,  Industrial  Steam 
and   Power  Plants,  Ventilation,  Steam  and 
Hot-Water  Heating, Plumbing, Lighting, 
Elevator  and  Pneumatic  Service. 


The  success  of  this  publication  has  been  mailed  in  many  ways;  not  only  has  it 
become  a  source  of  profit  to  its  projecu  r  but  it  has  been  of  Incalculable 
value  to  the  general  public  whose  interests  it  has  always  served.'' — CinciH- 
nati  Gazette. 

"It  Stands  as  a  fine  example  of  clean  and  able  journalism."— /Jat/roarf  Gazette. 


Published  Saturdays  at  277  Pearl  St.,  N£W  YORK. 

$5  00    PER    YEAR  SINGLE    COPY,   12    CENTS. 


THE  ENGINEERING  RECORD  is  (he  recoi^ized  medium 
for  advertisements  inviting  proposals  Jor  all  Municipal  and 
U.  S.  Government  Engineering-  and  Public  Building  Work.  Its 
subscribers  include  the  experienced  and  reliable  Contractors  and 
Manufacturers  of  Engineering  and  Building  Sutplies  in  all  sec- 
tions of  the  United  States  and  Canada.  The  RECORD'S  value 
to  secure  competition  in  bids  is  therefore  obvious. 


KUHLO   Sl    Ellerbe 


ST.  PAUL, 
MINN. 


•  •  •  • 

Solid  Silver  Circles. 
Aluminum  Standards. 

•  •    •    • 

REPAIRS    RECEIVE 

PROMPT  Attention. 


J.    M.   ALLEN,    President. 
J.   B.   PIERCE,  Secretary. 


W.   B.   FRANKLIN,  VicE-PRESiDtNX. 
F.   B.  ALLEN,  2d  Vicc-Presioent. 


Organized  1866. 


Thorough  Inspections 

AND 

insurance  against  Loss  or  Dsmage  to  Property  and 
Loss  of  Life  and  Injury  to  Persons  caused  by 

5team  Boiler  Explosions. 


When  you  are  In  need  of 


Sewer  and  Culvert  Pipe 

Remember  that  the  Best  Quality  of  Ware 
is  made  in  large  quantities  by 

EVENS  & 

HOWARD 

St.  Louis,  Mo. 


We  make  PROMPT  SHIPMENTS  and  LOW  PRICES,  and  our  Goods  are  Popular 
because  they  Give  Satisfaction. 


•^"  Uhe  Sfiarsh  Steam  S^ump 

We  have  discarded  many  wearing  parts  found 
in  other  pumps,  and  get  our  results  with  what 
is  left. 


Minimum  of 

Weigfit, 
Wear,  and 
Waste. 


Count  its  Parts 


STElAt^ 


